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PBBFACE. 



The object of this aeries ie to bring into one focus the 
leading features aud present position of tbe most im- 
portiuit iiMlustries of the kingdom, so as to enable the 
general reader to comprehend the cnormons develop- 
ment that has ta)<ea place within the lust twenty or 
thirty years. It is evident that the great increase in 
educatiou throaghont the country has tended hirgely 
to foster a eimultaiieous interest in technical know- 
ledge, 88 evinced bj'flje s^iteiid iif ^Irtlui^' Science 
Schools, Trade Muscani^, !^^fnfiioua1 'Efhibitions, 
&c ; and this fact is boriifi rait py pT perusal of the 
daily papers, in which Jh^ j«wiiiDefice.^iven to every 
improvement in trade la ta^%iai}r^fifitfs(s the deeire 
of the reading public to know more about these 
matters. Here, however, the difficulty commences, for 
the only means of acquiring thia information are from 
handbooks to the various manu&ctnres (which are 
Qsnally too minnte in detail for general instruction), 
&om trade journals and the reports of scientific 
societies ; and to obtain and systematize these scattered 
details is a labour and a tax upon time and paticnoe, 
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which comparatively few persons care to snnnouni 
In these volumes all these facts are gathered together 
and presented in as readable a form as is compatible 
with accuracy and a freedom from superficiality ; and 
though they do not lay claim to being a technical 
guide to each industry, the names of the contributors 
are a sufficient guarantee that they are a reliable and 
standard work of reference. Great stress is laid on 
the progressive developments of the manufactures, and 
the various applications to them of the collateral arts 
and sciences ; the history of each is truly given, while 
present processes and recent inventions are succinctly 
described. 
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BRITISH 
MAITOFACTDEING INDUSTRIES. 



By JoirN DusNlsG. 



Thk weight of tobacco imported into Great Britain 
and Ireland with the knowledge of the Customs autho- 
rities in 1871 was no less than 73,179,318 lb., and 
in 1872, 47,4G2,903 lb. ; the declared value of these 
quantities, osclusive of duty, 6,126,185?.; the quan- 
tities cleared for home consumption in the two years, 
respectively, 42,656,668 lb. and 43,94.8,427 lb. The 
imports for the three years, 1873-4^, inclnBiye, wore 
217,802,895 lb., of the totul value of 10,7G4,908i. ; 
the qiiantity cleared from boud for homo consumption 
during the same period was 141,386,540 lb. ; and 
the stock romaiuiDg in hand at the close of last year 
was 82,186,366 lb. It has been estimated that about 
2,877,410,279 lb. of this product were smofeed or 
otherwise consumed in the United Kingdom between 
1800 and 1870, of the valuo of about B78,000,OOOZ. 
The annual average allowance per Lead of the popu- 
lation, which was 13J oz. in 1841, 1 lb. 0^ oz. in 1851, 
and 1 lb. 3i oz. in 1861, hod risen in 1871, with a 
total population of 31,724,000 peraans, to Wo.'oX'n.. 
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pe/r Lead; and in 1873, with a population estii 
at 32,340,000, to 1 lb. 6J oz. per head. 

Tlie enormous duties imposod upon tobacco id ■ 
coiiQtry, wbile they probably reetrict the propt 
of the mann&ctnre, increase its importance, 
dnty in foreign countries does not exceed Bd. per I 
and in Belgium it is only one farthing a pound. 
import tax levied in Great Britain is 38. 2d. per 1 
upon unmanufactured, and from is. &d. to < 
factured, tobacco ; and it ranges from 100 to 1800 jj 
cent, of the value. The amount realized annuall^^ 
the form of these duties increased from leas than 4 
million aterlinf; at the bef;inning of the centuryfl 
7,421,315/. in the years 1874-5. The comparative ^ 
portance of this item to the Treasury is se 
compare it with the total duties collected at all BritS 
ports in the same year,- which amoonted to 19,626,3482. 
There were issued in 1869, 697 licences to manufacfenre 
tobacco, and 284,124 dealers' licences. The duty paid 
by manufactui'era ranges from S to 30 guineas, accord- 
ing to the quantity produced ; the regular dealer's 
licence-duty is 6e. 3d. ; and occasional licences for 
special retail bbIcb arc iBSncd at the rate of a few peace 
per day. The amount of duty on licences that year was 
85,0572. Is. 3d., and at present it may be said that 
tolDacco contributes one-tenth of the whole revenue of 
this country. 

In otder to secuie the payment of these duties and 
to control the manufacture and sale of this article, 
Parliament has created many and voluminous statutes, 
with heavy penalties fox breach of their 



(uad the trade has occupied mnch of tbe time and 
attention of Eoyal Commissiona, Govemment Boards, 
and o large body of Customa and Excise of&cials, 
including a highly trained staff of ecientifio eiperts, 
who test with chemical and microacopic appliances 
the manufactured and usmanufactuied leaf submitted 
for their eianiination by Her Majesty's Inspectors. 
The peculiar esigenciea of this branch of iuduatry 
have led to practical modifications of the Factory 
Acts and the laws relating to Snnday labour, especially 
as they ap])Iy to the employment of women and Jews. 
The principal of these ueafiures is an Act passed io 
1812, to amend a previous statute entitled, " An Act 
to Discontinue the Excise Survey on Tobacco, and to 
Provide other llegulations in lieu thereof;" and will 
have to be noticed in connection with the subject of 
adulteration, to check which its main proTisions were 
dedgned. All importers are required by law to deposit 
the tobacco brought from abroad in the bonded ware- 
bouaes at the few ports of the United Kingdom where 
the import is allowed. The chief of these are in the 
Victoria Docks, London, and the King's Dock, Liver- 
pool, where the bulk of the imported leaf is to be 
fonnd, and whence none is removed untU it has been 
esamined, weighed, and approved, and the daty paid. 
The London warehouses are vast fire-proof buildings, 
with a floorage of about fifteen acres ; and I have seen 
stored in them at one time mare tban a hundred thou- 
sand packages of tobacco— hogsheads, bales, and boxes 
— weighing from 17,000 to 18,000 tons. In the Liver- 
jmtl wuelwuses ou one occasion I saw &£as\:j 'l&^i^^ 
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hogsheads of American tobacco alone ; and it was cal- 
culated that these, if placed in a line, would extend 
oyer 21 miles, and that the tobacco they held, if spun 
into " twist," would have made a rope more than 171,000 
miles in length. I stood in the midst of the produce 
of 30,000 acres of land, reckoning 1200 lb. avoirdupois 
to each acre; and the quantity of smoking material 
stored there at that time was no less than 24 miUions 
of pounds in weight. 

Mechanical invention on the one hand, and forgery 
of brands on the other, furnish evidence of the extent 
to which the tobacco industry has taxed himian in- 
genuity in this country. In the '* Abridgments of 
Specifications relating to the Preparation and Use 
of Tobacco,'' published by authority of the Commis- 
sioners of Patents in 1866, and including all the 
inventions in this class enrolled since 1721, there are 
detailed more than 300 contrivances for the improved 
manufacture, or more convenient use, of the tobacco 
leaf. Of these, about 60 relate to machinery used in 
cutting smoking varieties, spinning twist, pressing 
cake tobaccos, and grinding snuffs ; and more than 30 
are for making cigars, besides several specially ap- 
plied to the preparation of cheroots and cigarettes. 
Since 1866, very many most important inventions 
have been added to the number, one or two of which 
have effected great improvements in the work of the 
factories. With regard to brands, so extensive and 
lucrative was the forgery of the names, titles, and 
distinctive marks of favourite tobaccos and cigars, that 



B few years ago a powerfnl aesoeiation, formed for the 
purpose of reproBaing this abuse, had to carry 150 
suits through Chancoiy before the system could be in 
any effeotual measure put down. 

I have been favoured hy Mr, John P. Walker, 
Secretary to the Cigar Makers' Mntual Aesoeiation, 
with an estimate of the number of persona employed 
in this manufacture in Great Britain. It is not prac- 
ticable to obtain accurate figures ; but these are ap- 
proximately Qorrect. In round numbers, then, thei'e 
are about 1900 men, 2000 women and girls, and 1900 
boyB, cunBtantly engaged in making cigars. It is not 
improbable that they make at least a million cigars 
per day. About 800 men are employed in making and 
spinning tobacco ; and if this number seems small, it 
must be remembered that in some instances a cutting 
machine (such aa Legg's), guided by one man, will 
turn oif 200 lb, of fine shag, or 600 lb. of rough 
smoking fibre, in an hour. Including men, women, 
buys, and girls, whose business is to strip the stem 
from the leaf, or to make up cigars in bundles, 
employ^ called mess-pickers, and some others, Mr. 
Walker gets a round total of 7000 or 8000 workers 
in tobacco ; without counting the hundreds of clerks, 
countor-men, carmen, packers, and others, who are as 
necessary as these to the work of the factories, or the 
thousands who are indirectly engaged in the same 
branch of industry. la one cigar-making establish- 
ment—that of Messrs. Cope, Brothers, and Oo^ at 
Livorpool^about eight hundcod hands are employed. 
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Six hnndred of these are women and girls, who i 
capable of escelltnt work. A first-clasB 
cutting &ctory. euch, fur instance, oa Hill'e, ii 
ditch ; WiIIb'b, at Bristol ; Harvey's, at Newcastle ; Jack" 
Bon'B, at Leeds, and some others, will produce 5000 or 
GOOO lb. of smoking tobaccos per day. Wages vary 
greatly, according to the quulity iind [juantity of wor!^ 
piece-work being the rule in cigar monufactare. The 
beat cigars are made by men, who Romotimes earn as 
mnch as 3(. per week ; but the average rate of men's 
wages in tbie departmcat may bo taken at 25». a week. 
One pound a week is a good average amongat women ; 
eome, skilful hard-working cigar-girls making as muc 
OB 25s. Gd., and others not more thi 
young girls, beginning at 28. a week, will reach 7m 
before the end of their first year, and 10s. or l^jj 
before they are out of their apprenticeship. Tobao< 
cutters make from 28a. to 30h. weekly, 
spinner will occasionally make from fiOs. to 31. ; 

The chief Boarcos of tobacco in Europe oi 
Holland, Salonico, Hungary, and Russia ; in Asia, ti 
principal are China, Japan, the East Indies, '. 
and other parts of Asiatic Turkey, Persia, Jan 
Syria, and Manilla ; in Africa, Algiers ; 
America, Varinas, Brazil, Uruguay, New Gron 
Paraguay, Cumana, and other fields are most prodof 
tive ; while the great tobacco districts of North Amerioj 
are the United States, Mexico, Cuba, Eayti, and Port 
Kico. The extent to which these a 
Bevorally laid under contribution by the monu&ctai 



of tliis oonntry is shown by the following partial 
analysis of the imports of 1873 and 1874 : 



1 ..,.. 


i»r4. 


Germsii; 

Holland 

Fwnoe 

GtSBPO 

Turker 

Ritiah India 

pThilippitie Jxlaada .. .. 

Bfouiish'We^t India I'^andB 
Kr«w Oronadn (United) 
■E StatM of Colnmbia) ..J 
^^gentine BepubUo .. .. 
^^^led States of America 


687,720 
5,429,511 
l,43(i.a85 

330,712 
1,430,572 
8,068,109 

171,803 
2,136,637 
4,840,892 

295,654 
5,IS9,885 

340,787 
57,533,826 
1,404,640 


856,646 

7,356,798 

1,712,839 

81,161 

606,132 
2,359,987 

780.098 
1.3W8,4e7 
2,948,036 

212,304 
1,617,573 

663,940 
53.567,555 
1,890,679 


U Total iuiporia .. 


81.382,733 


76,175.215 



■ It will be observed tliat by far the greatest quantity 
is brought here from the United States. The crop 
raised in the States in the year 1872 reached the 
enormous total of 259,480,000 lb.; and the 'Kew 
York Tobacco Leaf says that for the comparatively 
Email quantity which we import from that country, 
we pay to our GovomraeDt more than twice as much 
money as the American producer reiilizcs for all the 
tobacco exported from that part of the world. A 
eerious drought in 1873 inflicted a blow upon the 
tobacco-raising industry of that country from which 
it has not yet wholly recovered. The leading varieties 
eeut here from the United States wra tliciafo t^'^'vc^xaa^ 
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Kentucky, Missouri, Connecticut, Ohio, and Maryland ; 
all of which have distinct values and peculiarities. 
In the Annual International Exhibition at South 
Kensington in 1872 there was exhibited by Messrs. 
Bramble, Wilkins, and Co. a large case containing spe- 
cimens of nearly every known variety of leaf, in which 
the curious might note the diversities and similarities 
of size and shape, strength and arrangement of rib, 
coarseness or fineness of fibre, and other peculiarities 
which variously distinguish the several growths. In 
addition to such as have been named above, this case 
contained specimens from Canary, Eoumelia, Moldavia, 
Poerbolinge, Kio Grande, Palmyra, Arracan, &c. The 
species are very numerous — ^more than forty are known ; 
and although they have a general likeness, the differ- 
ences are so many and so marked that the unpractised 
botanist would be unlikely to class them in the same 
family. It is a singular fact, but established beyond 
doubt by frequent experiment, that, while change of 
soil and climate effects little alteration in the botanical 
character of any of these varieties, it makes the greatest 
difiEerence in their chemical composition; so far, at 
least, as depends upon their mineral constituents. Not 
only does the chemical composition vary according to 
the botanical structure, the geographical habitat and 
the rearing conditions of the leaf, but it changes con- 
siderably during the process of drying, curing, and 
manufacture. Dr. Murray and others classify the 
components of the dried leaf thus : Nicotine (a liquid 
alkaloid), from 2 to 9 per cent. ; nicotianine (an aro- 
matic essence), about 2 grains per lb.; a bitter extrac- 
iive principle; a yellow oil aaid oomib iaXt^ Ta».\»\feit\ 
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empyreamatic vapoiir, res 
cartMnic acid, carbonic < 



L and mucilage ; tanuiu and gallic acid ; woody 
dbre ; euUr of lime ; potash ; magnesia ; soda and am- 
monia ; eilica or eaud ; and moisture. In drying, the 
leaf parts with 88 per e«nt. of water. During the fer- 
mentation which takes place in curing, nicotine and 
nicotianine are secreted &om the juices of the loaf ; 
and during the further fermentation in the manufacture 
of the dried tobacco, these properties are often dissi- 
pated, and carbonate of ammonia is largely produced. 
Id smoking, oil and ashes are formed, the latter in the 
proportion of about 20 per cent, of leaf; and the 
emoke, when analyzed, is found to consist of nicotine, 
1 and oil, ammonia, carbon, 
xide, hydrocyanic (pmssic) 
acid, salphuretted hydrogen, carbupetied hydrogen 
(fire-damp), parafiiD, and watery vapour. The salts 
n^ulate fermentation during curing or manufacturing, 
and eaBnre the proper bunuDg of prepared tobacco. 
Albuminous substances, which amount to 10 or more 
pel cent, before curing, are obstacles to bnming, and it 
is the chief end of fermentation to get rid of them. 
The conditions of soil and climate which favour the 
production of nicotine are precisely those which are 
unfavourable to the valued aroma. A given variety of 
tobacco will either be strong, with slight aroma ; or 
highly aromatic, and weak in nicotine, according to 
the soil and climat« in which the plant is grown. 
Havana, Manilla, and other favourite cigar- varieties 
have from 2 to 3 per cent, of nicotine ; Turkey, 
Syria, Latakia, and similar tobaccos, only 1 to 2 per 
oant.; whileKcntucky and Virginia ta^e 6 toT -^^ciss*.., 
^Mi French leaf has been known to contain. «■& TKaSi 
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as 9 per cent. Heal Havana, of which comparatively 
little is grown and much less reaches this country, is 
principally, if not entirely, made into cigars. Virginia 
is the favourite variety for cavendish, negrohead, and 
black twist, and is largely nsed for returns, shag, and 
snuif ; Kentucky, Missouri, and Ohio for cavendish, 
brown twist (such as pigtail), Bristol bird's-eye, returns, 
and shag ; Dutch and German for the commonest cigars, 
K'naster, moist snuffs, and smoking mixtures ; Java and 
Japan for light cigars, mixtures, and light moist shag ; 
Latakia, Turkey, Lynchburgh, Paraguay, Brazil, and the 
rest for cigarettes, mixtures, imitations, and substitutes. 
The prestige of Havana tobacco has very nearly died 
out ; Manilla, which is far cheaper and more abundant, 
having done much, with its sweetness of flavour and 
excellent burning qualities, to supersede it ; and Ger- 
man, which costs fewer pence than Cuban costs shillings, 
is increasing in favour. 

The leaf arrives in this country dried and cured, 
made up in " hands " (bimdles which are technically 
so called), packed in hogsheads, bales, or boxes, made 
of various materials according to the lands from which 
they come. Thus, the bales from South America are 
secured in stout hides of cattle, which are there too 
abundant to be costly. The hogshead made of wood is 
naturally preferred by the exporters of North America 
and the West Indies, where timber is plentiful. The 
Asiatics employ strong coarse cloth of hemp or flax, or 
plaited matting, and in some cases wrappers of woven 
camel's hair. The sorting of the leaf and making it 
into " hands" are the last of the long series of difficult 
proeesBes by which the planter pte^jaiea hia lassr^^^tiaT 
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tlie market. The whole eonrae of rearing and curing 
tobacco ia a system of applied acienco, c()mpared with 
which most other and cogoate branches of agriculture 
and preparation of vegetable products are ainiple and 
easy. With this wc have little concern beyond the fact 
that upon tho scicntilic knowledge, mechanical skill, and 
scrupulous care wliich the planter brings to bear upon 
his preliminary labours, at least as much as upon the like 
qualities exercised in the subso(|iicnt manufacture, the 
value of the smoking and chewing tobaccos and thesnulTs 
of oommerce depends. Ae the organic substance of the 
leaf tmdergoes decomposition aa J chemical transforma- 
tion in curing, it will be uniloratood that only tlie most 
incessant watchfulness and the most delicate mauipa- 
lation can eosure the result which is satisfactory to 
the purchaser, Tho slightest error in drying, in 
time and extent of fermentation, mode of sorting, 
arranging, or handling, may spoil a whole package or a 
whole crop. Arrived in tho bonded warehouses of this 
country, every hogshead or bale is opened, that the 
importer may be satisfied as to tho (jnttlity and condi- 
tion of his purchase, and the not weight taken for the 
calculatiun of tha Customs duty before removal ; the 
waste, which ia sometimes large, being consigned, with 
the sweepings of the warotousea and impounded 
smuggled tobacco, to the " Queen's Pipe," a fuma«e 
appropriated to the destruction of such tobacco as is 
unprofitable to tho Treasury — and therefore an institn- 
tion of doubtful value. 

The manufacturer's first business is to aeporato tho 
ioayes. In order to do thia withtnit ViteoJMi^a, '■*. S& 
^^KiaBB&iyto moisten the "handa" \ iotjOiSD.o^^''^^* 
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said to be impossible to reduce the moisture below 
10 per cent., yet eyen a much larger proportion is 
required to render the leaf pliable. To save repe- 
tition, I may remark here that in Great Britain the 
use of any liquid or substance whatever, except water (in 
the case of certain snuffs alone a little salt, alkaline 
salts, lime water, and oil being permitted), is forbidden 
by law,under heavy penalties. In other countries liquors 
or '^ sauces " (as they are called) are generally em* 
ployed for this and for other processes. In the French 
Government Manufactory in Paris, a solution of one part 
of sea salt in ten parts of water is used to give supple- 
ness to the leaf ; and sometimes sal-ammoniac, sugar, 
and other ingredients. The salt is said to be effective 
in checking putrefactive fermentation; but in this 
country manufacturers are made to rely on their 
knowledge, care, and experience for the controlling of 
fermentation. The process of damping completed, the 
leaves are spread out singly; the central rib of each 
is removed by hand, and the right and left halves 
thus divided are smoothed and laid in separate piles. 
The largest and strongest leaves are selected for 
cutting and spinning ; the most perfect in form are 
reserved for the " wrappers " or outside folds of cigars ; 
broken or defective leaves are used as "fillers" or 
insides of cigars ; and the rib, or central stalk, of the 
leaf is ground into snuff. This work of stripping and 
sorting the leaves is generally done by girls and 
women, and simple as the operation appears, its 
proper performance requires. a degree of dexterity to 
be attained only by long experience. In removing 
the rib, it is dif&cult to avoid teatixi^ ^i\v^ \^"a.^^^\i.\a\i 
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serionBly deteriorfttos its valuo. The more perfect the 
form of the leaf iiBed to fill the cigar, as well as for 
its envelope, the more evenly will the cigar bum ; and 
the less torn the leaf nsed for catting, the longer and 
finer will be the fibre of the shag. 

Tobacco cutting is the process by which the fer- 
mented leaf is prepared for the pipe and the cigarette. 
"Shag" is the generic name of all those varieties of 
leaf which have passed through the cutting machine ; 
except " cut cavendish " or other cake tobacco, so out 
to save the smoker the trouble of using his own. knife. 
" BirdVeje " diffeta from tbe other kdnda of shag only 
as far as it retoiuB a greater proportion of the rib of 
the leaf. As the leaf passes under the blade, it is 
cat transversely ; and tLe horizontal section of the 
mid-rib or central vein, which, is of a woody tissue 
and lighter in colour than tho softer portions of the 
leaf, gives the distinctive name to this variety. There 
have been many mechanical contrivances for cutting 
tobacco, aeyeral of which m£y be found at work in 
English factories ; but it will be necessary to describe 
only one, because it is in much more general use 
than any other, and possesses all those peculiarities 
which have been most approved in the rest, I select 
the " Combined Pressing and Cutting Maahine," pa- 
tented and manufactured by Mr. Robert Legg, of 
London; which is now employed in forty-six London 
bouses, all the Bristol factories, most of those at 
Liverpool, Birmingham, and other large towns in the 
comitry ; and in the Government manufactories q£ 
^I^ance and Portugal, besides manj \o.t^e es\;^Ji.^- 
^Kp& ia Germany, Jiuaaia, Sontli Smeriae., fcfe toi»^ 
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troUan GoIoiiilb, and elsewbere. Thie machiiie, 
Tecoivisg the bulk of tho leaf in a trough or feeding 
box, drawB it inwards between rollers, whieb subject 
it to sofficient pressiire to malto tlie mass firm for 
cntting. The lower roller is of large diameter and 
roade of wood, no as to form a cylindrical chopping 
block, on which the knife doecends. The apper 
roll«fi are Bmall and nutde of metah They press the 
tobacco onwarde &oni the feeding box to the knife, 
but are so fitted as to yield, according to the thickness 
of the " feed." The rollers revolve in nnison with the 
strokes of the knife, regulated by ratchet wheels, 
whioh determine the fineness of the shreds into 
^hich the leaf is cut. One of the largest of these 
machinea, driven by 2 torse-power, will make 300 cuts 
per minute and turn out 200 lb. of fine " shag " of 
Iho best English make, or 400 lb. of the description 
called " rrench-cut," or 600 lb. of " German smoking," 
in a single hour. The action of the knife is similar 
to that of a chaff-cutting macJiino. The cut tobacco 
when removed from the machine is placed on a tray, 
heated by gas flames, and there tossed and shaken 
by hand, until it is Hufficiently lightened to be fit for 
smoking. Before the introduction of this apparatus, 
two processes were involved in the operation; or, 
rather, a screw or hydraulic press had to be employed 
to give density to the mass of damp leaf, before it 
could be brought 'under the cutter. The laanufaeture 
is simplified, and considerable saving of labour and 
improvement in quality effected, by Mr. Legg's inven- 
tion. The chief difficulty to bo ov( 
attempts to espedite tobacco-cuttMig ia && cVn 
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of the mflcMneiy by the mucilaginoug juices, of the 
loaf; and the strict Excise regulations, whose purpose 
is the prcyeutioa of udulteration, forbid the admixture 
of any substances that might reduce the obstacle. 
As long ago aa 1747, a cutting machine, composed of 
two knives and a crank, was patented by a person 
named Sago ; and of late years many various con- 
trivances Lave been produced, all more or less 
ingenious ; but the machine here described represents 
the highest improvements yet effected in this depart- 
ment. 

"Koll" or "twist" is a preparation of tobacco 
which is made by first spinning the leaf into the form 
of a rope or cord, and then subjecting it to pressure. 
There are several varieties, some thick and coarse like 
" pigtail," or " Limerick twist," which is intensely 
black in colour ; and others tbin and of finer grain, 
Bomotimes called " ladies' twiet," or— becnnso of its 
lighter hue — " brown twist." Until very recently, the 
only mechanism used in the manufacture was a simple 
wheel turned by hand ; and the proeess was almost 
precisely similar to that through which a man and a 
boy pass " tow " in a village ropery. The whole 
method, as it may still be seen in London factories, is 
described with suf&cient accnraey in an account of 
" pigtail " making in a French workshop, given in 
Tomlinaon's " Cycloptedia." " The leaves," says the 
writer, "are epnn into rope or cord at a long bench, 
at one end of wbieh is a spinning wheel, tunicd by a 
boy, A second boy arranges tbe leaves in a line along 
a bench, making tbcni overlap ; and o. m&Ti ^tu^tVvvi'^ 
I tbe two boyB, rolls up the \cb,^cs mte n. VaA. 
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of cylinder, into which the boy at the wheel throwg the 
deeired amount of twiet. When the length has been 
span, it is woimd npon a reel, to bo afterwurda made 
Dp into balle, which are pressed, dried, and packed." 
Those balls or coil§, the form of which hag never been 
changeil BincQ tobacco manufacture became one of the 
industries of this country, are the familiar aigns of 
tobacconists' shops, as common as the grotesque negro 
dwarf and the woodea Highlander. The ' Tobacco 
Trade Eeviow,' nnder date 1869, says Messra. Cope 
were the first to apply steam power to the spinning 
wheel,bymeansof apolley and strap; and that "instead 
of monopolizing the contrivance, they placed it at the 
aerrice of the trodo, before the Factory Acts interfered 
with the employment of chililren in tobacco factoriee." 
But, as early as 1862, Mr. T.C. Barraclough registered 
" a commonication from Ernst Brenl," including a 
specification of machinery for spinning, twisting, uid 
rolling tobacco ; and since that time several machines 
have been patented and used. Amongst the hest-known 
recent inventors in this department are Ward and 
Block, Ronald and Co., Cope and Lauder, Mr. Archibald 
Eeed of Arbroath, Goodbody and Donovan, Gillan 
and Crawford, and others; but for the latest and 
greatest improvement wo have again to turn to Mr. 
Legg, of the City Engino Works. This machine not 
only, like aU the best of the otliere, perfoi-ma the whole 
operation of converting the leaf into compact twisted 
rope, and coils it npon bobbins as it is made ; but, by 
virtue of a beautifully delicate appliance, the rate 
at which the rope is twistod, and tho rate at which 
tbc tn-isfed rope ia 



s twistod, and tho rate at which | 
9 coiled uiion &a '\iQ\i\im, ^'^^l 
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made to regulate each other. It is dtBtingaished 
from other spinniBg machines hy a differential traverse 
movemeut, the object of which is to lay on the coils at 
a rate always governed by their own thicknesa. Of 
the two moving parts — the twisting apparatHS and the 
coiling apparatus — one is always taming more rapidly 
than the other ; and the difference between them cannot 
bo uniform, because of the increasing diameter of the 
bobbin as it fills, and also because of the slight but 
unavoidable variation in the thickness of the rope 
made. The traverser is founded on this varying dif- 
ference between the velocity of the spinner and that of 
the coiler ; and it prevents breakage, regulating each 
part of the work by reference to the other part. It is 
self-acting and is always in the right position : whether 
to stop the machine, to start it, or to turn it backwards, 
the traverser controls the feed gear and the storing 
gear, and compels them to move in nnison. This will 
be enough to show what iuunenBC strides have been 
m&de within a few years Irom the primitive standpoint 
of the man with two boys and a wheel. The cods, 
when completed, are suhjeeted to enormous pressure — 
in some cases amoonting to a weight of 30 tons to 
a surface of one square yard; first, to give the required 
density and hardne^ to the roll, and, next, to force the 
joices imiformly through the mass of rope, and give to 
every part an equal colour. Numerous contrivances 
are applied by as many sepamte makers to this end ; 
and the " roll," thus pressed, is ready for sale. 

"Cavendish," properly so called, was until receoJi^ 
& forbidden mann/sctnra in this coTmtry— \t% Vhvy^i;"^ 
Hob baviog been legalized only o,b \atc\-j ai?.\%?>'i \ «^- 
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flo long u the Eiciso lows eiolade eweetening matter 
from tho preparation of tobacco, it is not likely to 
become genoml. Under a epecial Act of Parliament, 
the Bichmond Cavendish Compaoy (Limited) is per- 
uitted to produce aweeteDod cake-tobacco ; but &s all 
ta operations arc carried on in bond, under the constant 
supervision of the ofBcore of tbo Rovonuo. the manufac- 
ture is limited, NcvorthelesB, in one year (18B7} about 

I boxes were cleared from these works for home 
oonsamption \ whereas the total quantity of foreign 
cavendish, upon which duty was paid during the same 
period, amounted to 26 boses. The finest American 
Borta consist of Virginia leaf, cured in the ordinary 
way, with the addition of a little molasses or sugar and 
other flavourings, and pressed into cakes of variouB 

IS. Where, as in tho Richmond Company's Works, 
at Liverpool, the sweet ingredients are added, there 

10 essential distinction between tho foreign-made 
and the British-made article. In that cose, also, the 
duty is proportionate. But unswoeteuod cavendiah is 
produced in varioua factories under the same regula- 
tions as apply to tho other kinds, such as twist or 

2,. lu this case, the tobacco is quite equal to 
foreign cavendish for all smoking purposes ; but 
chewers prefer the sweeter taste of that which is 
prepared with molasses. The process of manufacture 
i exceedingly simple; but to meet the mechanieal 
difficulties attendant upon expelling air and moisture 
from the leaf, and forcing the fibrous particles into a 
more or less homogeneous mass, various hydraulic and 
oilier contrisoneea have been brought into play. Tha 
leaf, having been "sweated" for aday t)tVwo,\a' 
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into a soft mass, and then placed in mouldB and shaped 
into squares or oblongs by screw-presaure. Tbe earliest 
mechanism patented for this purposo was that of Mr. 
Thomife Cope, in 1860, of whici the official description 
published by the Commissioners of Patents says : 
" The patentee presses ' shag tobacco after it is mann- 
factured, and also shag smalls or both of them mixed,' 
by means of diee and sinkers, into cakes." Three years 
later, Messrs. John and J. 8. Harvey introduced a cast- 
iron trongh or box, divided into spaces of tLo size of 
the cokes required, and fitted with knives and screws to 
cut the tobacco and secure it na cut; and in 1865, 
when the manufacture of cavendish was legally recog- 
nized, Mr. William Davics patented an apparatus for 
rolling tobacco into large cakes and then dividing them 
into " pings " by means of knives or dies. There are 
other methods, but it will be suiScient ti> notice that 
which is adopted in Cope's large factory and in the 
Eichmond Cavendish Works. The wet tobacco mass, 
having been pressed into moulds, to ensure uniformity 
of weight, until the parts adLere firmly together, is 
taken in hand by girls, who enfold it firmly in wrappers 
of perfect tobacco loaves. The cakes are then passed 
through a series of other moulds, each smaller than the 
last, increasing pressure being employed by hydraulic 
power, until each cake or " plug " is turned out dry 
and hard, ready for the ornamental wrapper which 
finally receives it. Dy this time the juices of the 
various component portions of the mass have been 
distributed evenly through the whole lump, giving it 
the rich dai'k colour which smokers ijtiift, T\is»a 
ofearendisb which are lighter in coVo^is win "gvfc- 
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pared in precieely the Bnme way, except only th&t thqr 
are worked in a drier etAte. 

In giving some account of the manafnctnre of cigars, 
I may be allowed to point ont the fallacj which lies 
at the root of the popular preference for the cigars of 
Harana. It will be granted that eome Cuban tobaoOD 
is the best tobacco, and of course, when worked by the 
best manipulatorB, makes the best cigars. But it cannot 
be said that the cigar makers of Cnba are more skilfnl 
than those of Great Britain, or that they have a 
monopoly of the beet tobacco. I have already shown 
how small a quantity is imported to this country from 
Cnba in any shape, and it is notorious that much 
of that which is exported froni Cnba is not grown there. 
Cargoes of leaf are shipped to Cuba from America and 
from Europe, manufactured into cigars there, and sent 
back as "Havana Segars" to the countries where the 
leaf was grown. Of real Cuban there are many 
varieties, according to differences of soil and culture ; 
and that all Havana tobacco is not equally good is 
proved by the lact that some sorts will sell upon the 
spot for twenty times aa much money as others. The 
Cuban manufacturer has the advantage of being on 
the market, and can, if he will, secure the beet leaf; 
kdA he is allowed to use what sauces or flavourings he 
pleases in making cigars. To these is to be attributed 
the superior coloni' or gloss, and the delightful fra- 
grance, which characterize the Havana cigar when first 
brought here ; but, even when the leaf and the make 
are the best, there is no superiority over the best 
British-made cigar, when the Cuban flavourings have 
been dissipated by a few days' expOBnia to tha 
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Bkill, the Britiah cigar-mEikor can match the world ; 
and, ae to quality, it is tlie interest of the monufacturer 
to import the best tobacco that his customers will buy. 
The cigar maker, when at work, is seated at a bench 
or table ; oud hie tools are a sharp knife, a gnm bottle 
and brush, and a flat Bqiiare piece of wood called a 
cutting board. Ho Bproads upon the catting board a 
perfect haU-leaf of tobacco, trims it with his knife into 
the shape that will most conveniently form the wrapper 
or cnTclox>e of a cigar ; takes in his right hand a 
bnnch of leas perfect leaf or " filler," and rolls it into 
a long oval form with his fingers i then encloses it 
tightly in the wrapper, rolling the cigar under his left 
hand till the taper end is foroied, gums the leaf firmly 
at tho tip, and cuts the blunt end squarely with bis 
knife to complete the operation. Export workers are 
able to gauge the requisite quantity of leaf for each 
cigar so accurately, that the weight given out for a 
pound of medium size is seldom found to oiceed or faU 
short of the required hundred, strict uniformity of 
appearance being preserved. Many machines have 
been devised for performing this work; but none alto- 
gether supersede hand labour or have come into general 
use. In Cope's establishmeufc, where several hundred 
girls are employed in cigar making, the less experienced 
are furnished with a patent gauge, to enable them to 
regulate with accuracy the size and pToportions of each 
cigar ; but older hands are independent of such aasiet- 
ance. In England the employment of women and girls 
in this branch of industry is of recent date ; but it 
is growing, and has been not less successful than in 
" I, where about 25,000 women atft ftiM& ca.^'gA 
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in the GoTormuent factories. English women wbo 
remain long at tLc buHinetie acquire great aptitude and 
make good wages ; but the highest olasies of cigars are 
atiU mode by men, even whore, as at Cope's, the 
employment of women is a speciality. The oigara, 
when made as described, arc examined and sorted 
according to the shade of colour in the wrapper. 
" Full-flaTourod," "medium," and "mild" may thus 
come out of the same batch of material, the distinction 
lying in the greater or the smaller pungency of the outer 
leaf. Having been sorted, they are tied in bundles 
with slips of ribbon, placed in cedar boxes, labelled, 
closed up, and sent to the drying room, where they 
remain until sufGcieutly seasoned for amoking. Some 
qualities of tobacco attain perfection by preservation in 
an ordinarily dry atmosphere ; but others are brought 
to their best condition by artificial heat. The time of 
drying varies from a few <laya in some cases to many 
months in others. 

Although many millions of cigarettes are made 
annually for the trade in England (many millions 
more being imported from the Continent), the mode of 
their manufacture is so simple, as to require only a 
passing allusion. Most kinds arc more wisps of light 
tobacco rolled in paper. Some are more substnntia], 
and ore filled with the stronger shags prepared as for 
pipe-smoking ; and others again are dainty tubea of 
tobacco grains, almost aa fine as Bnn£ There have 
been several attempts' to substitute mechanical means 
for manipulation in this branch ; but hand-made 
cigarettes retain their popularity. Some mauofao- 
turera employ Greek and otter iotei^ Krtiatea t^H 
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make their papilletteg and cigarettos, and these exhibit 
marvellous deiterity in enfolding epoonfuls of golden 
tobacco-duat in pieces of chemioally-preiMiied tiasue, and 
fixing the wrappere with gluo ; but there is no difli- 
cultj in tho process to render the importation of such 
talent a necessity. Machines with fine circular saws 
for cutting the papers, and with rollers and travelling 
chains for completing the cigarette, and contrivances 
for impregnating the wrappers with tohacco juices and 
decoction of the leaf, are nmongat the registered inven- 
tions. Cigarettes have been made entirely of such 
paper ; at least one potent — that of Etienne Roche, 
March 1859 — having been taken out for the pui'poso. 
By his process a compound of crushed tobacco leaves 
and ribs, rags and gluo or glycerine, was made into 
thin sheets, designed either to wrap tobacco in the 
form of oigorettes, or to he rolled hy itself into the 
form of cigars. Gauze tubing, indianibber and glass 
mouthpieces, aud other fanciful additions have been 
numerous. But largely as the demand for cigarettes 
has increased of late, the taste for this effeminate form 
of smoking material is an exotic little likely to be 
naturalized amongst us. 

Snuff is the only other preparation of tobacco manu- 
factured upon an cxtonsivo scale in Britain. There 
are large mills worked by steam and water power, 
which attest that the consumption is immense. One of 
these in Scotland used to grind 7000 lb. of snuff a 
week ; and in English factories it is common to see 
Heveral " mulls " at work, each producing about 30 lb, 
day. These " mulls " ore large conical iroa KLO^ta.-s%^ 
with wood, and the toljacco ia ^iwhA '■va. 'iassoi. 
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with heavy peetlos, driven slowly round nntil the naxa 
ie reduced to dust of tbe required fineaesa. The stollm 
and leavee intended for tliia purpose, after being 
chopped sniiUl by liftnd or machine, are formed io 
heaps, moistened and covered with cloths, in w&rm 
rooms, and left to ferment for several weeks before 
they are fit for grinding. After high fermentation, the 
moss is treated as a " stock," or basis for all kinds (£ 
Bnaff, For rappee varieties, such as " Prince's miztare," 
or "Macobau," it is ground at once; and for lighter 
kinds, such as " 8.P,," it is dried before being pnt into 
the "muUs," In some mills there are also troughs, in 
which the coarser kinds are ground by revolving 
granite millstoucB ; and ovens for roasting that whieh ia 
intended for " Lundy Fiiote," or " Irish Blackguard." 
The varieties are many^elevon being made in one 
establishment ; but these depend for thoir difTerenoee 
upon the flavourings with which they are " doctored," 
more than upon any special charttoteriatic of the 
tobacco, or peculiarity of its preparation. It has been 
calculated that the quantity of snuff used in thia 
country ia about GOO tons per annmn ; and it i 
that one retail shopkeeper in Lancashire sells 4 cw) 
per week in pennyworths to cotton ojKjratives 

Tobacco is boiled, at the Bichmond Cavendish Cox 
pany's Bonded Works in Liverpool, to make a wash f 
sheep. As much as 28 cwt. has been boiled down g 
the premises in a single day ; and on one occasion tl 
Mersey authorities were put to much perplexity a 
trouble by the diificulty of sinking a mat 
refuse, which had been sent out to sea, and persisted 1 
Sooting back with the incoimng Xa^i;., T^iai^ -««d 
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about 50 tons of it, and days passed before it conld be 
induced to disappear. Tbe decoction of tobacco is 
adulterated witb sulphate of copper, turpentine, and 
Eolt as Boon as it is cool, and tbe exbanoled loaf par- 
tially destroyed {de-nicotised) witb iinicliliTOe before 
leaving the boQing house, imder the direction of the 
Customs. This prevents either the wash or the refuse 
fi»m being used in tobacco manufacture afterwards. 
Each gallon of the sheep-wash ceutains the essence of 
24 ounces of strong American leaf. The preparation, 
■which is allowed to be sold free of duty, has found 
favour n,ot only amongst breeders of sheep, but amongst 
agriculturalists and gardeners, as an effective Termin- 
destroyer. 

Notwithstanding the stringent enactments of the 
Legislature, the adulteration of tobacco is very common. 
The enormous duties added by tbe State to the cost of 
tobacco are a strong temptation to the nee of cheaper 
materials, when these can be easily disguised or with 
difficulty detected ; and the real advantages to be 
gained in the manufacture by the employment of cer- 
tain " sauces " are an a<lditional inducement to tbe 
breach of the law. Any person using any substance 
bnt water in the making of smoking tobacco ; any 
but water, common salt, and a certain proportion 
of alkaline salts, or lime water in snuff; or other tlian 
oils in roll tobacco, is liable to a penalty of 3001. for 
each offence, nndur the Act of 5 and 6 Victoria. The 
same statute provides a fine of 2001. for receiving, 
sending out, or possessing, tobacco or snuff otherwise 
manufactured,- and for using or having in & tobu»» 
^^Btory ozy BUgar, honey, leaves, ut o&^i soXi^W^.i^^ss 
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capable of boiog need as Bnbstitntcs for tobacco, or to 
increaeo its weight. It is clear, thoruforo, that no snch 
flavourings aa are iiaod bj foreign maJcera of cigars 
■od smoking tobaccos cau be safely employed bere ; 
but that the use of otto of roses, esseaccs of lemon, 
bergamottG, gerauium, and verbena, Touquin Ixians, and 
oil of pimento, in the manufacture of Hnn& is legiti- 
mate. Yet whole volumes might be filled with details 
of the adulteration carried on in spito of the rigid re- 
gulations of tho Excise. When what is called " cheap 
shag " can bo bought at 28. 8t2. and even 2g. Id. per lb. 
in the market, it is evident that it cannot be all tobacco 
which has paid the duty of 3g. 2d. per lb., eaijecially as 
a sound tobacco loaf from which good shag can be 
made, can scarcely be got for leas than 8d. per lb. 
Even when the worst mid driest qualities of Javanese 
or Japanese leaf are usEid, and water is the only added 
substance, the euormous percentage of moisture effec- 
tually ruins the tobacco. All the adulterations em- 
ployed are not, however, so hormlesa as water. Dr. Ure 
analyzed a sample of snuff which contained pearlashes, 
to make it pungent and absorbent. Profoseor Hunt, 
the editor of "Ure's Dictionary," declares that large 
quantities of refuse leaves and roots, such as senna and 
rhubarb, after their medicinal qualities have been ex- 
tracted by tho druggist, are ground, coloured with 
burnt sionna or yellow ochre, mado pungent with 
ammonia, and sold to the snuff makers. Irish roll, 
which used to come into the market at 2s. lOd. per lb., 
or 4d. less than the duty, puzzled the Excise ofBciala, 
till the Irish manufacturers, being at last nndersold by 
Eaglisb cojjjpotitora, reveoAoi ftio seccfet ftwX vtoj 
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WBB liberally employed, to enaMe the roll to take tip 
an abnormnl quantity of wator. 1267Z. 10s. was reco- 
vered in penalties for this offence in 1868, the daty on 
tobacco forfeited being about 4000?. The officers of 
the Laboratory maintained at Somerset HouBe since 
1842 have been very Buecessful in detecting adultera- 
tion by the aid of chemistry and the microscope ; and 
the CommisBionere of Inland ReTonue, in their elaborate 
report of 1870, in which they reriewed their work from 
1856 to 1869, incluBive, espressed the opinion that 
adulteration was Borionsly checked. But they confess, 
" the adulterants are so varied, and the inducements to 
&aud so great," that " only well-directed and sustained 
efforts can prevent it." In their Fifteenth Eeport it 
is stated that, during the year 1872, of 232 samples of 
tobacco submitted for examination by the EscJee officers, 
174 were found to be adulterated ; the adulterants being 
starch, rice, liquorice, gnm, logwood, caramel, sugar, 
and salt of iron ; the amount of adulteration tanging 
up to 4 per cent, rico and starch, 44 per cent, 
liquorice, and 5 per cent, gum. Theii- Seventeenth 
Report shows that out of eoventy-one samples pre- 
sented for examination by the Excise in the year 
ending Mareli, 1874, fifty were adulterated; and bi- 
sulphite of lime is named amongst the adulterants 
detected, Mr, Henry Presoett'a valuable book on 
" Strong Drink and Tobacco Smoke," written to show 
the practical nse of the microscope in detecting such 
adulterants, states that leaves of dock, bui'dock, chi- 
cory, foxglove, and comfrey, are mixed with and 
eubstituted for tobacco ; and that khuEE \& ei&.\^'uii%\;^ 
h etarcbes of cereals, peameal, 'bran, ae.'W'i.'as.'t o^ 
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various woods, mult rootlets, fustic, oxides i 
and lead, and ground glnsx. Amongst otber insta: 
Proscott gives one of the seizure of 
ohicory leaves eteeped in tar-oil, 'which were used aa ' 
fillers for "pure Havana cigars;" and one in which 
" the acorn cup of a large species of oak, Yalonio, 
growing on the shores of the Mediterranean," was " ei- 
tensivelj used in the adulteration of high-dried snnff." 
The CommissionerB mention peat-moBB, lime, magnesia, 
ftlbaraina, sand, and even chromate of lead, as adol- 
teranta ; but they say that the last-named ingredient 
Una not been detected for some years. They also give 
indigo and lampblack amongst the articles used to 
vitiate tobacco. Besides all these, elm, coltsfoot, plan- 
tain, beech, barlsymeol, oatmeal, nitre, endive, cab- 
bage, lettuce, thorn-apple, Btramoniiim, sago, orris 
root, tho seed of yellow flag, and common wheat-flour, 
have been nsed to eke out the spare supply of genuine 
tobacco allowed by the adulterating manufacturors. 
Tho collection of specimens of acknowledged adul- 
terants in tho tobacco section of the International 
Exhibition of 1873 included those mentioned already, 
with the addition of rod ochro, sumach, burnt umber, 
Indian corn, Brazilwood, and carbonate of soda; and 
samples of tho tobacco as adulterated were shown, side 
by side, with cases of the finest and purest manu&o- 
tured leaf. The latest improvement in the art of 
adulteration detected by the Government analysts is 
due to the ii^enuity of certain Scotch snuff manu- 
facturers, whose " sneeehia " was found to he a mix- 
ture of snuff and alkaline salts, liberally coloured wi& f 
red oxide o£ iron. 



HIDES AND LEATHER. 

Bt James Colltss, F.B.S. Edinbiirgli, &c. 
It hoB beeii well said that Natiiro clotlied tho lower 
aniinala and left man to clothe himself, and that the 
chief difference between tho two is, that tho latter 
borrows hie clothes of the former. The subject of 
clothing is highly interesting, and has been made the 
medium of some corions remarks by a recent philo- 
sopher, who says, " The horse I ride has his own 
whole fell : strip him of tho girths and flaps, and 
extraneons tags I have fasteocd ronnd him, and the 
noble creature is his own scmpstcr and weaver, and 
spinnei ; nay, hla own bootmaker, jeweller, and man- 
milliner : he bounda free through the valleys with a 
perennial rain-proof court euit on hia body, wherein 
warmth and easiness of fit hnve reached perfection ; 
nay, the Graces bIso have been considered ; and &ills 
and fringes, with gay variety of colour, foatly ap- 
pended, and ever in the right place, are not wanting. 
Wliile I, good Heaven I have thatched myself over 
with the dead fleeces of sheep, the bark of vegetables, 
the entjails of woims, the hides of osen or seals, the 
fell of furred animals, and waUc abroad a moving rag- 
Bcreen, overheaped with shredsi and tatters raked from 
the cboruel-lionBe of Nature, where they would have 
rotted, to tot on me mote slowly 1 " 
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The earliest articles of dresa tbut are mentioaed 
were mfide of tbe ekiae (probably those of sacrificed 
aniiuale) with which our first pareuts vets clothed ; 
and skins continued to be for a long period, and 
indeed still are amongst savage nations, the sole 
articles of dress. The hides or skins of animals 
in their fresh state are soft and flexible, but become 
hard and horny on drying, and much too rigid and 
brittle for nse, beside beiug prone to putrefaction and 
deeomposition nnder the infiuence of moisture ; and 
man seems to have soon acquired the knowledge of 
preventing this putrefactive action, and of imparting 
to the skins, when dry, the suppleness found in 
them whilst fresh. Now this change is known as 
TAHHiNO, and consists in the preparation of a material 
combining suppleness, tenacity, and a power of resist- 
ing moisture by inducing in the skin a chemical com- 
bination of the gelatinous tissue with some material of 
an astringent and mucilaginous character, or with suit- 
able fatty matters. The skin so changed is coUed 
leather. This term is at once indicative of one of its 
choracteriatioa, for the words loatLor, ledher, lydher, 
are derived from the Anglo-Saxon lith, lithe, lithor; 
meaning pliant, fiesiblo, easily bent ; and the word 
lither is even used at times in irony or sport, implying 
one soft (in the brain) or supple (in the body). By 
leather, then, is understood the hide or skin of an 
animal changed by a process and prepared for use, by 
which it is preserved from putrefaction, rendered 
BUpple and tenacious, and comparatively impervioos 
> water. Leather is very early spoken of in hifr* 
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tory, and beside ite nse as an article of clothing, 
was also employed for nteasils and for thoni^ (before 
the jntrodnction of cordage made of flai or hemp), and 
as a material on wbieb to write. In the Bible we I'cad 
of rams' skins dyed red, girdles made of leather, 
leathern bottles, and of Simon a " tanner." In ancient 
£gypt we find that leather dressing was carried to 
a high perfection, a Especial part of Thebes being 
allotted to curriers, who prepared the shins of the 
ox, horse, ass, sheep, and goat, and even wild animals, 
by the nse of certain plants. Skins so treated were 
used for writing on, for shoes, sandals, sriddlery, aa 
coverings for chairs and sofas, for dagger and qairer 
sheaths, and for shields and helmets. The stamping 
and ornamentation of leather were also resorted to. 
Amongst the Grecians, prepared skins and leather 
were nsed for dresses, sandals, shoes, aprons, helmets, 
and shields, while shoemaking was recognized as a 
craft. Amongst the Bomans, prepared skins and 
leather were largely used for coverings of couches, 
shoes, and saddlery, and were often highly and richly 
ornamented. 

The employment of leather for defensive purposes 
gave way to metallic armonr, but again came into nse 
on its decline. The leather made from the wild bull, 
bnfialo, OK, or nrus, found in Poland, Hnngary, and 
some jiarts of Bussia, was long celebrated, as it was 
pistol-proof, and also turned the edge of the sword. 
The common name of the animal was huffe, hence our 
term buff leather ; and in one of the early charters 
^^tthe Busman Company, the imporloiicm oi « 
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number of these hides for military purposes was ren- 
dered obligatory. The hide of the real Italian buffolo 
was also used for the same purposes. Modem buff 
leather, however, is made from cow hide, and is very 
different to the original. Amongst the Hungarians 
the method of preparing leather by tanning was early 
practised, and in 1584 it was introduced into Neuf- 
chatel, and in 1628 into France, from whence the 
Hungarian method spread into Germany. The Arabs 
and Moors have long been celebrated for their leather, 
and their peculiar kinds knowti as cordovan, morocco, 
and shagreen leathers, were early imitated and even 
surpassed; these being imitated in England as early 
as the end of the seventeenth century, while France 
early acquired a great degree of excellence in the pre- 
paration of the lighter and more ornamental kinds of 
leather. 

Leather can be made of the skins of all animals, but 
those furnished by cattle and by horses are preferred. 
The quality of a hide depends much on the kind of food 
and mode of living of the animal ; those of wild cattle 
being stronger and more compact than those of domesti- 
cated cattle ; and those of stall-fed, better than meadow- 
fed or grazing cattle. The thickness of a hide varies on 
different parts of the body ; that on the back and head 
being much thicker than other parts, and that on the 
belly being the thinnest. This difference of thickness 
is less conspicuous in the case of sheep, goats, and 
calves. In sheep the skin is thinner, as the wool is 
longer. The sources from whence we obtain skins and 
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}, otid OS tii-o extermination of wild 
atmnuls iu Europe lesEened tltis inmms of supplj, the 
ekins from doaiesticatod animals more than made np 
the loss. Geographical discovery, too, opened up new 
tracts, which have yielded large and lustiog supplies of 
skins and hides. South and !Nortb America, from the 
quantity of wild cattle roaming over their plains, have 
been largely drawn on for supplies, and the Russians 
collect also great ijuantities of skins &om the wild 
animals of Siberia. Our supplies are obtained from 
Lome and foreign sources, on which, previous to 1830, 
a duty was levied. The " green " or " fresh " hides 
are those furnished by butchers from animals killed 
fur home oonsumption, and " dry," " salted," or 
" smoked " hides are those imported from foreign 
countries. Skins are greatly injured at times by 
swarms of hairy grubs {Deriaeeleg vulpinus) which feed 
on them, and often a package on its arrival from a. 
foreign port is found to be valueless throngh their 
attacks. 

Though I have need the words " hides " and 
"skins" synonymously, yet there is a difference recog- 
nized between them. Sides a.rc properly tliick skins, 
thick hides being called " butts," whereas those only 
that are thin retain the name of " skins," Skins differ 
much in thickness ; that, for instance, of the hippo- 
potamus being 1 tu 3 inches thick, those of the lamb 
and kid not eq^ualling the thickness of ordinary poEto- 
board. The skins of bulls make thicker, coarser, and 
Btronget leather than those of the cow, while that of 
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tho bullock is intcrmediato between the two, and that 
of the calf is thinner than that of the cow. 

Ox hides, the most Taloable, are imported from the 
plains of South America, from the Cape of Gk)od Hope, 
and from Morocco. The South American hides, which 
are in the highest repute, are obtained from the half- 
wild cattle which roam over the wide plains between 
Buenos Ayres and the Andes, and prepared for the 
market by being dried, smoked, or salted. The leather 
from these is used for soles of boots and shoes and for 
harness. Cow hides generally yield an inferior grained 
leather, those of South America being worked for light 
soles. Calves* hides are thinner than those of cows, 
but when well tanned, curried, and dressed, yield a 
very soft and pliable upper leather for boots and shoes. 
Nearly all the so-called kid tops of boots are not frt)m 
the kid, but from the calf, and is technically known as 
« calf-kid." 

Horse hides are not so fine in the grain as thoee of 
the ox, and are generally used for saddlery, or thongs 
for common whips, &c. In addition to the supply of 
the home market, large quantities of horse hides are 
imported from South America, in which country, pre- 
vious to the visit of the Spaniards, horses were un- 
known, though now there are vast herds, the descend- 
ants of those first introduced from Spain. Sheep skins 
are among the most useful that we have, as by dressing 
they can be made to imitate almost any of the dearer 
kinds of light leather. They are generally tanned 
with bark, and sometimes split, the upper or grain 
side being used for bazils and various fancy leathers. 
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snoh as mutation morocco, roan, &c. Sometimee, bow- 
eTCr, they »ro tawed witli alum and salt, for making 
white leather. Tho under or fleah aide of a sheep 
skin ia made into "skiver" or chamoiB-lenther, better 
known OS wash-leather, and at other times nsed in the 
production of parchment. Sheep skina, when fiesh 
from the aniniBl, have the wool taken off hy a fell- 
monger, and in this state arc called " pelta." Beside 
the qaantity of skina supplied by the homo market, we 
import largely from the Cape of Good Hope, the sheep 
of which have medium quality wool, and a large fatty 
tail. The skin, however, furnishes a leather nearly 
equal to morocco, and is often used for tan driving- 
gloves, being at once serviceable and durable. Lamb 
skins are tawed and sometimes split, the top or grain 
side^ being used as a white leather for laying over 
chemical bottles, and the flesh side made into a thin 
chamois for lining gloves. In Italy, the south of 
France, and Spain, it is the practice to kill Iambs at 
9. much earlier age than in England, and the skin ia 
consequently tbin, small, and fine, and is used as a 
Bubatitute for kid, though it is not so strong or glossy, 
Turkey, Sicily, and Austria also furnish many lamb 
Bkins, and those of the vale of the Amo, in Italy, are 
in the highest repute. Tho skins of lomhs which die a 
few days after birth, are employed for lining purpoaes, 
and a portion also for gloves. Goat skins have long 
been prized for the excellence of the leather which 
they yield. In Switzerland, the south of France, and 
Italy, great numbers of goats ore reared for the sake 
of theii milk, and their skdna are es^it&d. \a <^iAa 
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I'ountry to be prepared ae true morocco leather. 
skina, and espocinllj thoso of Switzerland, IwTe, 
beautiful grain, lire cosily dyed brilliantly and 
manently, Bad are much etronger and more dnialile 
than shoep akins. Tlie leather is largely in reqiieat 
for oovorifig ehaire, carriages, aotd booke, thongL mocli 
of the juoroooo UBod for books, &c., is : 
skin imitation. The ekin of the Capo of Good Hi 
goat is much thicker than any other, being as lai^ 

les as that of a fallow deer. In Germany it 
into dresses by the peaeantry. The Mogodoi 
hsTe very long hair, which, after being shorn ai 
curled, is used for stuffing chairs and mattrefises. 
skin is inferior, and is usually made into 
Morocco or " black Spanish leather," bo called 
the circumstauco that our first supplies of thia 
was from Spain. East India goat skins are Bmall, 
chicfiy employed for ladies' boots and for 

The South of France, Spain, Germany, Switzerland, 
Italy, and Ireland, produce large quantities of kid 
skins ; those of France being the most perfect and of 
the finest quality. They are valued chiefly for the best 
kinds of gloves, the " kid " gloves of lower value being 
skins of other animals dressed to imitate the real 
"kid." East Indian kid skins are used for light 
shoes and gloves, though the " white kid boots " are 
mostly made of white sheep leather. Great care is 
taken in the rearing of kids, which are genoi 
killed before they commence feeding on herbage, i 
"is soon as they leave ofl' their mothers' milk, the d 
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cacy and fineness of the ekia is injured, and rendered 
unfit foi' gloTo making. Older kid skins are used for 
Bhoes, braces, and binding porposea, for which they 
are Buitablo &om their great strength and elasticity. 
Deer skins are collected in large quantities in Canada 
and the United States, and are generally prepared 
with oil, or chamoyod. Soma of these are imported, 
and, together with our home supplies, are manufac- 
tured into gloves, riding breeches, boots, braces, &c. 
The hair forms one of the best materials for nt. nffin g 
saddles. Antelope skins are also impoited from the 
Gape of Good Hope. 

Pig or hog skin leather is principally valued by 
saddlers. The chief supplies are from Scotland; as 
in England and Ireland pork is geaorally cooked with 
the skiiL on. Skins of wild boars have boeu known to 
bo of the thickness of ttro inches ; and in the Exhibition 
of 1851 an even thicker skin was shown, wbioh had 
taken seven years to tan. Much of the so-called pig 
skin is but an imitation, the skins of otbcT animals being 
passed between plates or rollers with a number of pro- 
jecting points, by which the peculiar punctated or dotted 
appearance of real pig skin is imitated. It is uo un- 
common thing for the upper side of the flap of a saddle 
to bo of real pig skin, and tho under of an imitation. 
Hippopotamns hides are occasionally imported from 
South Africa, and, when tanned with oak bark, aro 
exceedingly thick and compact. Gat, dog, and lat 
skins are also made into leather, chiefly for gloves. /-^ 
Tho French are said to be very proficient in the pre- 
pMation of rat-ekin leather, large e 



I 



42 BRirisn MANUFACTVRtNG INDUSTBIES. 

are obtained from tLe sowers. Leather prepared 
from tLe skills of sea luammalia, and particularly 
that from the seal, is very strong. The seal skins 
are much used as fura, but great numbers are ob- 
tained, for the sake of the leather, e& the fihores of 
Newfoundland and the Arctic Ocean. When young, 
the seal has long, white, silky hair, which in a few 
weeks is replaced by a coarser and dai'ker kind, and 
this is the period when it is best adapted fur leather. 
Seal-skin leather when carefully prepared has greater 
strength in proportion to its substance than any other 
kind, and has a very fine grain. The skin ia split, 
and the grain side, when black enamelled, is largely , 
osed in la<lies' boots and for binding, on account of i|M 
strength, even when very thin. ■ 

Let me no\v briefly notice the structure of eUn^ ■ 
before proceeding to the consideration of the operations 
of tanning. The hide or skin of an animal may be 
said to consist of three parts. In the uppermost we 
find two layers : the first a thin, semi-transparent 
cellular layer, known as the epidermis, in which the 
hair is seated ; the second, a more or less horny layer, 
csalled the " Malpighian," in which is contained tha 
nerves, smaller blood vessels, and the base of the 
perspiratory ghmda. In the preparation of leather 
the first of these layers is removed with the hair, while 
the second forms the "grain" or "bloom," i.e. hair 
side, of the leather. The second or middle portion, 
hnown as the real corium or derma, is fihrons in its 
structure, and forms the leather. The third or under- 
most is a iat-beating tiBsue, lying between the dornu 
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and the mticcleR of the flesh ; and this, too, has to 
be removed. Leather therefore couaiats of the eorium 
portion of the skia, covered with the bloom or Mal- 
pighian stratuin, from which, hy cutting and scraping 
as well as by tho action of lime, the olhei" integuments 
Lave been remoyed. la some leathera this bloom is 
also removed, wid is then calleil " buff," In split ekins 
the nnder portion or chamois is of course without this 
bloom. All parts of the skin swell up hy the action of 
hot water, and by prolonged boiling ore onnyerted into 
glue. Acetic acid ehanges the rJerm a or fibrous portion 
into a jelly, although the jelly retains bU the structure 
of the unchanged derma. Alkaline leys dissolvo skin 
. slowly. Lime and baryta-water dissolve tho cellnlar 
tissue; and it is on the action of the lime that the 
preparation of tho skin by stoepiiig and dressing is 
founded, previous to the process of tanning. The 
derma or eorium of the skin chemically combines with 
tannic acid several metallic oiides, e. g. alumina (tawing 
with alum and salt) and oxides of iron and chromium, 
with oxidized fatty matter, insoluble metallic soaps 
(compounds of stearic, palmitic, aud other fatty acids, 
with oxides of lead, &e.) with picric and pinic acids. 
All these are tanning substancea ; that is, they possess 
the property of being precipitated on and chemically 
combining with tho fibres of the coiium, so that on 
drying they prevent agglutination, imd preserve the 
natural suppleness and softness of the fresh skin. 
This operation then of tanning, as I have already 
stated, ia a process by which the skins of various 
ftnimals, especially those of the la^er d 
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changed into a tongh, flexible material, resisting putre- 
faction, and not turning to glue when boiled in water 
(or, at all events, only after long-continued boiling), 
and not homy and brittle when dry, like simply dried 
skins. Its preservative action extends even to those 
working in it. The Gravedigger in "Hamlet" says, 
that the skin of a tanner gets so tanned with his trade, 
that it will keep out water a great while. 

There are three methods used in the tanning of 
leather, viz. : 

1. Tanning (strictly so called), by which the astrin- 

gent principles of certain plants are made to 
combine with the hide ; of this there are two 
kinds : 
a. Eed-bai'k tanning, for thicker kinds of hides. 
h, Sumaching, similar in its results, but less 
laborious and tedious, and performed on 
thinner hides or skins, which are often sub- 
sequently dyed. 

2. Tawing with alum and salt, with oil worked 

into the skin, resorted to in the preparation 
of white and black kid, principally for the 
glover. 

3. Shamoying, samian, or oil tawing, resorted to 

in the preparation of chamois or wash leather, 
by the combination of some suitable fatty 
matter with the texture of the corium divested 
of the "bloom" or Malpighian stratum. 

These I shall notice individually. 

1. The process of tanning depends on the action of 

an astringent principle, known as tannin, or tannic 
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acid, whicli is very esteneively diffused tliroughout the 
vegetable kiugdom. Barks nad leaves of must forest 
trees possess it, more or less, as the onk, elm, horse-chest- 
nut, pine, willow ; the wood and bark of shrubs, as the 
shuina, acaciji, &c. Tea and ooftee also contain tanniu. 
The acids, howeTer, obtained from these yariouB 
sources differ somewhat from each other, but all agree 
in having aa astringent taste, vritli an acid reaction on 
test paper ; giviog with the salts of peroxide of iron a 
deep blue-block or green-black colour (clean ink) ; pre- 
cipitating solutions of gelatine and converting animal 
skins into leather. This action on gelatine is one of 
the best tests of tannic acid, and by it the way in which 
leather is formed is well shown. If a solution con- 
taining tannic acid bo poured into one of isinglass or 
gelatine, the latter becomes coagulated into a leather* 
like substance. 

In the presenoe of alkaline liquids, such as lime 
water, caustic potash, or ammonia, if air be also pre- 
sent, tannic acid decomposes, and the importance of 
this fact will be at once seen when we treat of the use 
of lime in the cleansing of the akin, and the great 
necessity of every trace of it being removed before 
submitting the skin to the action of tannin, for if the 
lime be left, it would neutralize the action of tannic 
acid by decomposing it. There are four well-marked 
Tarieties of tannic acid, viz. gaUotannio, found in 
galls ; quercitannie, found in the oak {Quetcun) ; mori- 
tannic, in fustic {Morua tinctorla) ; and mLmotannic, in 
the catochn. Gallotonnic acid is obtained in a state of 
nrity from gall nnts, and also from aume^. 
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Oak galls contain about two-tIiir<lB of tbeir wdgt 
of tannic aciil, and 2 per cent, of gallic acid. 
obtain the fonner they are reduced to powder, and aft 
equal weight of washed etlier added. The liquid » 
lateB into two porticnH, the denser of wbioh is i 
yellow colour, and which, when evaporated, yields a 
porous, palo huff-col on reil residue, which is amorphoni 
gallotaunic acid. It is freely soluble in water, and 
reddens blue litmus paper, the latter change being i 
proof of its being an acid. It precipitates i: 
of a bluish-block colour, and ink is but a gallotannat 

Mimotannic acid is a variety of taunia found i 
catechu and Iriiio, uiid givoa a greenish-grey colonX 
when added to a solution of iron salts : it ia freel]| 
soluble is cold water, and sparingly so in dilute sol 
phuric acid. Catechu consists of mimotannic acid a; 
catechu, together with a browu substance reaultii 
from the oxidation of these two. Catechu is not e 
lubls in cold water, but is soluble in three or fo 
parts of boiling water or boiling Eilcoho]. 

Oak bark is the most important of all the substonc 
known to the tanner. Nothing has been found to eqm 
it, and the superiority of English sole and other tl " 
leathers is ascribed to its use. It is the inner bark a 
Quercug rofcer, Querciia pedunculala, and other oak) 
stripped from the trees and branohoB at an age of n 
to fifteen years, and when cut or ground up is callai 
Q." Beside home suppIieH, we got largo quantitii 
from HoUand and Belgium, though foreign odt bark i 
i,not aoootuited bo valuable as that of English oaks. 
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percent)^ of tanDic acid in the beat barks has been H 
Btated by Biiclmcr as not higher Ihaa 6 or 7 per cent. H 
Wolff hae, however, placed the figure much higher, as ^M 
the foUowing Table ahowB : ■ 


In the crude part covered witli lliel 

rind J 

^H.. insiile Iay<=r of the old bark . . 

^^K, ioaido of the berk 

^H£ ornde bark and inaide of hark 
^^^K iitBide la ver and iuBide of bark 
^^L,, iuBide of bark 


TmnLcArld, 


"^"■'' 1 


JO'S*! 
14 ■« 
13 23 

13-93 

13 -ns 

15- S3 


41 to 53 H 
41 „ 53 H 
41 „ S3 ■ 
41 „ 53 ■ 
41 „ 53 ■ 

■ 


The loss of percentage in the older bark as compared 
to the younger has been ascribed to a gradual change 
of the tannic into gallic acid. The tannic acid aloue, 
howevei', has not been found to have an equal effect with 
the whole bark, as the mucilage and other oonstitnents 
of the bark have also a beneficial action in the tanning. 
In France the bark of the evergreen oak ia used, and 
to its employment the softness of French leather is 
ascribed. 

agilojia. It is often more than an inch in diameter, but 
ia Bometimcs imported in a half-grown state, known 
as cameta ; or yonngor still, just after it has flowered, 
and ia then called camalina. The younger it is, the 
more valuable, and is chiefly imported from Smyrna, 
imd said to contain from iO to 45 peic ce'o.t. ol \a;a.mi^. 
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Tanners' somacli, or sumac, the Moorish term for 
dye, is next to oak bark in importance. It consists of 
the flowers, leaves, and twigs of the Rhus coriaria and 
Bhu8 typhina, found wild in the south of Europe and 
the Levant, and cultivated jn North America and 
Algeria. The root shoots are planted in June, and 
after three years the shrubs are large enough to admit 
of the branches and leaves being gathered. They are 
then cut off, dried in the sun, and threshed with a 
flail, though sometimes ground under millstones and 
sifted. The powder is of a blue-green or yellow 
colour, and contains from 12 to 16 per cent, of tannin ; 
but by long keeping it deteriorates, as the tannin 
becomes changed by spontaneous fermentation. Beside 
the tannin, it also contains a yellow dye. Venetian or 
Italian sumach is the young twigs and leaves of the 
Bhu8 cotinus or Ruga^ which grows near Vienna, and 
is largely used in tanning sheep and goat skins. 

Fir bark (^Pinus syhestris) is one of the best tanning 
materials, and contains from 5 to 15 per cent, of 
tannin, about 7 per cent, being the average. The bark 
is stripped off the tree as soon as it is cut down, and is 
frequently used for tanning sole leather. The bark of 
the Pinua Canadensis is most used in the United States 
in the form of an extract, known as *' hemlock extract," 
containing about 14 per cent, of tannin. Elm bark 
contains 3 to 4 per cent.; that of the horse-chestnut 
bark 2, and beech bark 2 per cent, of tannin, and are 
all more or less used. 

The young branches and twigs of willow bark 
{Salix caproea and S. cir^erea) contain 3 to 5 per cent 
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of tannin, and to its employment togetlier with that 
of oil of birch, hoth cheap and ahundant artides, the 
Bnperifir quality of Ruesian leather is ascrihed. It 
ia also well Bnited for tanning some kinds of gloTe 
leather. 

Mimosa bark is obtained from the Acacia mela- 
noxylon, A. dealahah, and other species ; and is some- 
times exported from Australia in the form of an extract, 
a very much cheaper n'ay than sanding the hark, as much 
&eigLtage is saved. It is a valuable tanning material, 
but the imparts Lave not been large. 

Cutch, Catechu, and Gambier are three well-known 
tanning substances, and very useful fur quiek tnnimig. 
Cutch is au extrnet obtained by boiling in water the 
heatt-wood of the Aeada catechu, a tree common 
throughout India. When thick, it is poured out on 
large leaves to dry, and appears in commerce in masses 
of a blackish-brown colour, shining, heavy, bitter, and 
powerfully astringent. 

Gambir, Gambier, or Terra Japonica, is an extract 
obtained by boiling the leaves and young shoots 
of tie Uacaria gambir. It occurs in cubes, brown 
estemally, internally yellowist or brick-red, breaking 
with a dull earthy fracture. It has a bitter, very 
astriDgent, and mncilaginons taste. The plant is 
common throughout the Malayan Archipelago and 
Feninsnia. 

Betel niit, or Arer.a catechi, is an extract prepared 
from the well-known areca nuts, the seeds of an Indian 
palm {Areca catechu). It occui'B in round flat cnkes, 
&can 2 to 3 inohee in diameter and irom \ \.o \\ "\&^ 
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thick, has a blackisli-brown colour internally, and u 
strongly astringent, rather bitter tftst«. The proportiuu 
of tannic acid (mimotannic acid) is very high in these 
throe varieties, some giving a percentage of 50. 

Kino is another extract from the wood of varioQf 
treea, of which there are four varieties, viz. : 

East Indiau Eino, obtainai from PtsnKarpua minupinm. 
AM0*O „ „ F.erinactw,, 

„ „ „ Buita frondoaa. 

Waflt Indinn „ „ Cueeoloba usifura, 

Aualmlinn ,, „ Eucaiyptaa •tsitiifent, lea. 

Eino coDBiets of Bmall, angular, brittle, browS'Ted 

to black coloured msisses, with a glassy fracture and 
brown-red powder. It is soluble in hot water and in 
alcohol, yielding a blood-red solutioQ of an astringent 
and sweot taste,, and contains 30 to 40 per cent, of 
tannin. 

Divi-divi is the seed-pod of the Caaalpinia roriaria, 
a uiitive of the sea-side marehea of the Spanish Main, 
which baa also been naturalized in India. The poda 
in drying become curiously cnrlcd like the letter 8, 
and are of a brown-red, with polished seeds of an egg 
shape, and olive-green colour. They eontaiu from 60 to 
65 per cent, of tannin, and are much nsed, though very 



Myrabolana, the fruit of Terminalia cJiebula, &c., a 
plant very common in some parts of India, has pods of 
about 1 to IJ inch long, of an ovoid shape, some- 
what tapering at the end, more or less deeply fur- 
rowed, and covered with a yellowish or dark-brown 
ekin, nndorneath which is an astringent, hardened 
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pulp, encloeing a seed said to be narcotic. BesideB 
tannin, it also contains a yellow dye. 
"^ twnegranate bark, or ratber the rind of tbe fniit of 
the poTiegTBuate {Punica granatum), is occasionally 
used, and ie said to be the ohief material in tanaing 
moroccc leatber. 

Galls are too expeosiTe for general use ia tanning 
operations, and are more susceptible to fermentation 
and other changes by which the tannic acid is changed 
into gallic acid and glucose, the former being un&tted 
for tanning purposes. Several varieties of galls are 
known to commerce, such as oak galls, excrescences 
formed by the puncture and deposited ova of the oak 
wash {DiylolepU QoIIcb finctorieR of Latrielle), an 
hymonopterous insect on the Quercui tinctoria of 
Olivier. They are hard, heavy, globular bodies, 
smooth on the surface, and with numerous tubercles 
having a small cavity in the centre which contains tho 
larva of the insect. There are throe varieties, black, 
green, and white, from the first and second of which 
the insect has not escaped, while the third is larger, 
and pierced iioia the centre ta the outside by a small 
hole made by the insect to effect its departure. Large 
quantities of blue and green galls are imported from 
the Levant, galls of warmer countries, such as Aleppo, 
containing 58 to 60 per cent, of tannin, whilst English 
galls yield only from 5 to 6 par cent. 

Chinese and Japanese galls wore first imported 
about 1847, and are produced by pimcturo and de- 
posited ova of an insect, the A^hh liiiensis, on the 
Stm tuecedmiea, B.jaeanica, Bud B. semiolala, '^t(&a 
^% , 
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which grow in Nepanl, Japan, and China. These 
galls are large, hollow, thin-walled excrescences, of an 
oblong bean shape, haying a homy texture and con- 
choidal fracture, and covered with a yellowish-grey 
felt. They contain about 60 per cent, of tannic acid, 
and are chiefly used as a source of gallic acid. 

Of these, as I have before stated, oak bark is held 
in the highest estimation, and as soon as the supply 
became insufficient, other substances were sought as 
substitutes. The sawdust of the oak, yalonia, chest- 
nut, willow and larch bark, ferns, myrtle, sumach, 
mastic, catechu, and many others, have been used. 
Each variety of these tanning substances imparts to 
leather a distinctive quality of colour, scent, capa- 
bility of resisting moisture and decay, and often two 
or more substances are used together in order to 
obtain the combined qualities. 

The operations in oak or red bark tanning are 
three, viz. : 

a. Cleansing and dressing the hide on the hair and 
flesh side, or in other words, the separation of 
the corium from the other integuments. 

h. True tanning. 

c. Currying and dressing. 

a. In cleansing the hide, there are four steps: 
1, steeping and macerating'; 2, dressing the flesh 
side ; 3, dressing the hair side ; and 4, swelling of 
the cleansed hide. The object of the steeping and 
macerating is to get rid of the blood and soil, and also 
salt and other materials used in preserving the hide. 
In the case of green or fresh hides, two to three days, 
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and in foreign Bidos eight to ten days, are eonBuiaed in 
ttiB atep. The liidea are simply washed or soaked in 
a stream of mater, and taken out and drained twice a 
day. When they have become sufficiently supple, they 
are removed, placed on a Kemicirculiu' plank, called a 
" tree," and the flesh side is planed or shaved with a 
"dressing knife," consisting of a slightly curved knife 
fixed in a, handle. After again soaking in water for 
about twenty-fonr hours the dressing is repeated, and 
by this means the fat and other iategnments aitnated 
between the hide and musclos are removed, and the 
hides are then left to drain. To eipedito the operation, 
they are passed throngh fnlling mills and beaten with 
heavy hammers shod with iron, by which means they 
are rendered supple and clean, two or three days 
snfScing for this operation, whereas by manual labonr 
eight or ten days are occnpied. The next step is to 
remove the epidermis and hair containing integn- 
incntfi, and as they ore firmly attached to the corium, 
this can only be done through a partial dissociation of 
the layers by tlie action of certain materials which 
canse the skin to swell up. This is effected by liming 
(the application of the compounds of eulphuret of 
calcium called "msma"), or sweating. The hides are 
placed in pita containing milk of lime, there being 
generally three to five of these with solutions of dif- 
ferent strengths, the hides being transferred from the 
weaker to the stronger during the throe or four weeks 
in which they are under treatment. The liming not 
only prepares for the removal of the epidermis and 
it, but also saponi&ea the fat contomtA va.&&\^i^., 
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aad ftlthougli lime-eoap ia insolublo in water, yet li 
oon be removed liy eubeequent chemical and meoha- 
nical oporatiuQB, In some of the French tannerieei, a 
weak solatiun of caustic soda u need instead of lime, 
ft8 it ie more easily removed than an exoeaa of lime. 
Very thin skins will not bear the action of liming 
without injury, and for this porpoae the salve-like mate- 
rial called " riisina," consisting of one part of orpiment 
to three parta of slacked lime, is rubbed over the skin, 
which thus becomes bo softened as to render the 
moval of the hair easy. Hydrosulphuret of lime 
been found to answer well as a rusma, and for 
purpose the lime from tlie gas purifiers has been nsed 
in treating hides as well as skins with good resnltB, 
A semi-putrefactivo fermentation is employed in the 
case of thick hides for sole leather ; as, if placed in 
lime pits, their thickness would render the complete 
removal of the lime impossible, and thus decompose tbe 
tannin and make the leather brittle. The sweating is 
performed by rubbing tbe skins over with salt or crude 
wood vinegar, and placing them £esh side to flesh side 
in an air-tight tank or boi, in which they commence to 
putrefy. When they give off ammonia they are re- 
moved, as the disengagement of this gas shows that 
tbe operation has proceeded far enough. At other 
times the skins are hung up in rooms beated by steam 
or a furnace, by which the skin becomes thoroughly 
softened. There is also a cold sweating process, in 
which the hides arc placed in a box, and a constant 
Btieam of warm water passed over tbom. 
Jut soon as the hides have become soft enough br 
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any of these processes for the removal of the hair and 
the integuments by which it is eheiithecl, they are trans- 
ferred to a tree and dressed with a knife, the workman 
strewing fine sand in order to get a bettor grip. They 
are then washed and made of equal thickness throngh- 
out by planing or dressing, the ear, tail, and leg pieces 
being reserired for the glue manufacturer. By this 
operation the hides lose 10 to 20 per cent, of their 
weight. The neit process is that of " raising " the 
hide, the object of which is to remove the lime and 
open the pores, so that the tanning matcrinls may be 
more readily absorbed. This is done by using a 
" sour bath," consisting of refuse barley, rye, malt, or 
bran, whidi contain butyric, lactic, and other acide, imd 
as the acid fermentation decomposes the lime-soap, the 
free acids float on the top, and the soluble lime salts 
are easily removed by washing with water. The 
mechanical action of the carbonic acid evolved from 
the carbonate of lime depiwitod in tho hide, together 
with the gases from the fermeatation of the acids of 
the eour bath, distend the hide to twice its original 
thickness. All hides, indeed, after sweating, will 
swell up if placed in water, but the nee of the sour 
bath is preferred, as its action is much more regular. 
Other means are occasionally adopted to bring abont 
the samo effect. Sometimes the hide is immersed for 
about twelve hours in a bath, containing 1 part of sul- 
phuric acid to 1000 of water ; but although tho action 
' is quicker, great care has to be taken, as excess of acid 
or the too long subjection to its action injures it, and 
reoden &.B leather brittle, £ed tan lic^uoc, e. enlutisniL 
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of spent oak-bark, oontciina a large quantity of laotio 
and butyric acids, and is also naod for " raising " the 
hides, FkospLates and oscrota contain large quantities 
■ of uric acid, and excreta of doga and pigeons are used 
for raising sheep, calf, and goat skins. The hide 
has thus been brought, by these preliminary operations 
of cleansing and removing the portions not I'equi 
into a fit state to receive and ubaorb the liquor 
which the tanning matter is disBulved. 

Tanniw/.— The nest step is to place thi 
very weak infusion of bark, culled ootte. This is 
pumped into rectangular pits, 6 or 8 feet deep, sunk 
into the ground, lined with wooden planking, termed 
handler », because the hides are daily transferred 
from one pit to another of gi'eater strength, an opera- 
tion that takes about six weeks. The necessity of 
employing very weak aolntiona of tannin is at once 
apparent, when it is remembered that if a strong one 
« used, the outside of the hide would become so 
thoroughly tanned as to prevent it from acting on the 
inside. The next step, that of subjecting the hides to 
I increased action of the tamiin, ia performed in 
irions methods, by placing the hides in tanks or 
layer pits with oak bark and water, by immersion in a 
liquor made of the tanning materials, or by certain 
quicker methods. At the present time, tanning 
bark is confined to heavy bides for sole leather. 

ks are sunk into the gi'onnd and are genei 
made of oak or fir planks, for if they are of brick, 
especially when newly built, the lime in t' 
aots on the tannic acid. In Gionuany they 
of Blabs of filafe or eanilBtone, 'E.a(Ai\.o.iik^is\4a 
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fifty to sixty hides. On the bottom is laid a Inycr of 
spent tan (i. e. gronnd bark or tna which has been 
already nseJ), then a layer of fresh jfround oak- 
bark, Burroimded by hides and bark alternately, till 
the tank is nearly filled, the thicker parts of the hide 
having more bark and the interstices filled up, while 
the whole is coTered over with a layer of spent bark 
12 inches thick. Wftter is then poured in till the 
uppermost hide is covered, and a lid or loose plank is 
then placed over all. The firet tank contains a strong 
solntioD of about SO lb. of bark, the second 70 lb., and 
the third 60 lb. When valonia, catechu, or other sub- 
etances are naed, a less quantity of oak bark is required. 
The hides are lett in the first tiink for about eight to ten 
weeks, and before all the tannic acid has been absorbed 
and the formation of butyric and other acids com- 
menced, they are transferred to the second, where they 
are allowed to remain for thi'ee or four months, and 
thence into the third tank, where they remain for four 
or five more. In making these ehanges the hides ore 
placed in reverse order, so that those at the bottom in 
the first tank are at the top in the second, as otherwise 
the hides would be unequally tanned, on account of 
the liquid at the bottom being densest, and therefore 
strongest. Ttry thiek and heavy hides take a longer 
time. Three hundred lb, of oak bark tans 100 lb. 
of fresh skins, which when tanned weigh about 
150 lb. Thinner hides and nearly all skins are tanned 
in liqnor which is an infusion of the tanning material 
contained in tanks of different strengths ; and the 
bides, before being transferred from a -weaSict 'to * 
iger liqnor, are thoroughly pteeael, ui ot^KY ■«> 
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got rid of the weaker liqaicL Tbin bides or skiiiB 
tanned in Eoven or oigbt neeke, tbicker ones in elei 
or twelve weeks. 

The lengtL of time retjoired has led to 
metbods, some indeed very irrational, wbereby tbe pro- 
ceBB could bo shortened. One metbod recommsitded 
was to force tbo tanning liquid tbrougb Ibe ludes by 
bydrostatio or bydraulic presaore ; another, to fis the 
hides on a sort of paddle-nbeel, and, by revolving i^ 
alternately raise tbe hides out of and plunge tbem into 
tbo tanning liquid. It was also proposed to punotore 
tbe bide witb fine ueiidles. Stronger oozes have been 
osed, but, as I have already stated, tbe outside of tbe 
bide becomes so completely tanned tbat tbe inside is 
not touched. Bat neno of tbe mothoda of quick tan- 
ning are in very general use, us it is found to make tbe 
leather harsher, less supple and durable. When the 
leather is perfectly cured, it does not show any white 
Btreak in tbe centre, but is of an uniform brown colour 
throughout. 

When tbe leather is thus completely tanned, it is 
removed to a drying loft, beated in damp weather 
with Bteam-pipea, and, when sufQciently dry, is beaten 
on ft cylindrical beam, and subsequently rolled with 
a brass roller, loaded with a weight of &om 10 to 
12 cwt., or passed through tbe cylinders of a machine. 
The leather is thus made more solid and supple, and it 
ia finally dried in an aiiy building and stored for sale. 
Here properly ends the province of tbe tanner, the sub- 
sequent dressing and currying of tbe leather, though 
often combined, being, strictly speaking, tbe trade of 
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the currier. When the leather is simply tanned, it is 
not fit for use, and has to be drcsseil in order to impart 
to it compactness of testure, hetter grain and appear- 
ance, softDBSE, toughness, supplenesB, and colour. The 
operations differ according to the pnrposBB to which it 
is to be applied ; leather inteiided for soles being sab- 
jected to hammeriiig on a polished Rtone slab, with 
wooden or iron hammers, either by hand or machinery. 

Leather required for the uppers of boots and shoes, 
saddlery, &c., has to pass through the more com- 
plicated process of currying or impregnation with oil. 
It is first soaked in water, then stretched, hair-aide 
downwards, upon a beam and shaved with a flat-bladed 
knife, with a handle at each end. The hide is thus 
pared or whitened and the inequalities removed. The 
" grain " of the leather in drying becomes flat, smooth, 
and nneq^nal, and if it be desired to "bring it out," it is 
subjected to the graining operation. For this purpose 
a pommel, graining, or crimping board, as it is variously 
called, is used. This is a piece of board about 12 
inches long and 5 or 6 inches broad, flat on top and 
somewhat curved at bottom, across which are cut in the 
direction of its width a number of parallel notches. 
The leather, being placed on the dressing table, is then 
rubbed with the graining board, the result of which is 
to raise the natural grain. Instead of notches the 
board may be covered with vnlcanizod caoutchouc, 
which offers sufScient " gx'ip " or resiBtance to the 
leather to prevent its gliding over the surface. Where 
no grain is left on the leather, it is rubbed with pnmioe- 

me to render it smooth. If a polish^ Bal^»^.^a 
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desired it is rnbbod nith. a cork pommel, or to obtain 
still greater brightneBS, witb iron or copper "Blickers," 
followed by others of cjtindriciLllj shaped glass. The 
slicking tool used in England is a very simple 
effectual instmmeut. It consists of alternate platee ( 
steel, stone, and glass with a ronuded eclge, to t 
an oval piece of wood, about 8 inches long, serv 
imoQ handle. By lueanB of these tools C 
inequalities arc removed, the leather cleaned &] 
polished, being finally finished off and smoothed wi 
L flattening iron. When it is required to be supjA 
lUuh as for upper-leiithers, it is dubbed with a mixtnt 
of cod-fish oil and tallow while still wot and hung u 
to dry, the oil taking the place of the water as til 
latter evaporates. It is then grained, scraped, c 
whitened on the flesh side and stowed away. It is nca 
rnbbod with a coat of titlluw and one of size, aa 
finally di'csscd with a paste containing fish-oil, talloil 
lampblack, yellow wax, soap, and copperas, in order t 
preserve it from the injurious effects of snlphmic ad 
which is fi'equently contained in blacking. Ladifl 
boots are blackened on the grain side by being nibbc 
over with a solution of copperas, which, i 
with the gsllio acid of the tan, produces an in^ bI 

Bussian leather has long been celebrated : 
strong and water-tight, and was formerly made e 
sively in Russia, wliere indeed large quantities a 
still prepared. This leather is uanally called " 
a terra supposed to be derived from jufti, a pair, i 
fliB jtjeparation thoy were formerly sewn together i 
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pairs. It ie generally of a red or block culour, asd ig 
prepELred from hides of jonug cuttle, as well as irom 
the hides and skins of horses, sheep, gents, and cnlves. 
The hides are first cleansed and lULhaired, by means of 
lime as usual, and are then " raised" or caused to swell, 
by being placed in an acid ba.th, prepared with malt, 
spent tan-liquor, or with excreta of dogs rubbed up with 
water. They are nest tanned with bark of the willow, 
and sometimes with £r and birch, being first placed 
for eome days iu weak solutions of partly exhausted 
bark, followed by stronger ones. This port of the 
operation takes five or six weeks. The hides are then 
placed on a planing block to drain, and are impreg- 
nated with oil of birch, obtained by dry distillation of 
bircbwoud. This oil contains creosote, phenol, or car- 
bolic acid of a peculiar kind, and parafG.n ■ and its 
application is continued till the hide is Soft and supple, 
when the hair side is treated with a solution of olmn, 
and then grained and the hide dried. The colour is 
imparted to them by sewing together in the form of a 
sock, and pouring in the dye decoction, or by brushing 
over five or six times with tho dyeing material. The 
leather is then dressed in tho usual method. The 
peculiar excellence of Russia is said to be due to the 
employment of willow bark and oil of birch, the latter 
effectually preventing the attacks of insects, which 
leads to its wide employment in bookbinding. 

Morocco leather has boen known for a long period, 
being first made by the Saracens, and even now by 
their deecendunta in Northern Africa and tho Levant. 
QtaaaJK morocco leather from b^ilb ol ft^e "SaAw 
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goat is soft, elastic, and retains a lughly coloured sur- 
face. Much imitation morocco is now Dutde by split- 
ting sLoep, calf, and other sfadns ; and indeed some roooE 
made from abeep akins have bo groat a rosemblanco to 
real morocco, that it tabes a practised eye to observe 
the difference. The skins are first subjected to a very 
careful clcanaing and raising. After washing and 
liming in the usual manner, they are then " raised " by 
an i^aCing process, by Iwing placed in a weak solution 
of ammoniacal salt (that of dog's dung being pre- 
ferred), and when thus rendered soft and porous, are 
cleansed and sewed up into the form of a bag, into 
whiob a Btrong sulntion of sumach is poured. The 
bags, being full distended with this solution and with 
air, are then placed in a tub of a weaker solution, is 
which they are kept in motion for some hours. They 
are neit piled one upon another upon shelves, by 
which mutual pressure the sumach is forced through 
the whole of the skin, the Beams being kept closed, 
This is repeated with a stronger solution of sumach. 
In about three days the tanning is said to be com- 
pleted. The dyeing of morocco leather is not always 
done in Oriental countries, and the tanned skins are 
frequently eiported to Europe, under the name of 
Mechin leather, to he dyed and dressed. In dyeing 
genuine morocco, a dye vat (a Email ti'ough filled with 
warm dye-liquor) is uEed, but in the imitation the 
colour is simply brushe-d over. To produce a light- 
blue colour a mixture of yellow prussiato of potaab 
and nitrate of silver is used ; a maroon is produced by 
archil Uid ammonia with indigo ; a Bcorlet, by cochi' 
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Deal, alum, and cnrbonate of potasb ; nod a rich or 
" royal " purple, by indigo faced with cochineal. 

Imitation morocco is colonr&d with tt hrufih and then 
dressed by Tabbing over the hair eido with linseed 
oil, glazed or cullendered by machinery, and finally 
'' grained " by cylinders. Aniline dyes are now largely 
naed in imparting brilliant celours to leather. Cordo- 
van, or Cordwoin, is another old variety of morocco 
leather. Chancer Rpeaks of " BnckskinB of costliest 
cordovan." Castoa, too, in his ' Boko for TrsTellers,' 
speaks of " hydes of kyen whereof men make lether ; 
of fellis of gheet, or of the bukke men make good 
Cordewan ; of ahepes fellia may bo made the basenne." 
Cordwainer, or its old English representative " Cordi- 
ner," is a worker in cord wain or cordovan : a ehoemaker 
therefore is a very old trade and gnild in London, 
Cordwain differs from morocco in being prepared irom 
heavier skins, and ia having a " natural " and not a 
" platted " grain. It is iiBiially dyed of a yellow, red, 
or black colour, and oil is used in its dressing. 

Japanned or " patent " loathar and enamelled leather 
are largely used for coach work, boots, shoes, helmets and 
military Bccoutrements, and if properly prepared re- 
sists water and does not crack or peel off, and ia soft 
and SQppIe. Eaamelled leather, such as is used for 
bags, has the enamel laid on on the grain side and the 
grain preserved ; in the " patent " leather, the varnish 
is put on the fiesh side, and in the double pateut, on 
both sides. To prepare it, a varnishing fluid is spread 
nniformly over the leather, which ia then placed in a 
p moderate teat, au4 \)8>s.ii. T^^i 
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operation is repeated eovorol timee. TLe vara 
generally raado with boiled linseod oil miied with 
vegetablo black and Prnesian blno. Danieh leather 
is tumted with willow bark, and has great streng 
and supplenesB, wliich makes it Bpeciallj useful I 
gloves. 

Pianoforte leather (employed to deaden the too great 
yibration in pianoforte wires) ie very carefully pre- 
pared, as it must be soft and elastic. It is partly 
tawed and partly tanned, after being saccessire 
fulled in oil, washed in ley, bleached ii 
and finally tawed in tepid oak-hark solntion. AmM 
rule, foreign leathers, especially heavy kinds, a 
so compact and well prepared as English leather, b 
much more spongy and absorbent. 

Tawing. — This method of preparing leather i 
thin and delicate skins is based on the action of a 
of alumina or gelatine. The common tawing metfa 
is by alum and salt alone, and this is^i^d for tl 
skins, snch as those of the sheep and goat. The p 
(so called if there be any wool on tho skini 
cleansed and planed as in the preparation of hides H 
tanning ; then dressed on both sides with a dress 
knife, anointed ou the flesh side for a few dayB \i 
cream of lime, and the wool or hair carefully removed 
In tawing, a " white bath " is nsed, consisting of 12 to 
18 lb. of alnm with 2^ to 3 lb. of salt in tnelve gallons 
of water for ovory hundred skins, the temperatnre 
being gradually raised to near boiling point, 
action of the alum and suit is not clearly uaderatoi 
bai the tawing is geneieJly attributed to the alnm,'^ 
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Bait only removing water from the fibres and preventing 
them from becoming glued together. 

The presence of salt can alwaya be detected by tlie 
damp feci of the leather in wet weather, its hygro- 
scopic character causing it to absorb all possible 
moisture. After soaking in the alum bath, the skins 
are taken out and placed in revolving drums and well 
washed with water : their suppleness and flexibility is 
restored by machinery, and tte white grain leather 
sold as " white ehoep " for boot and hat lining. If the 
skin is thick, the ujiper or grain side is prepared as a 
" white " skin, and the under " flesh side " is ahomoyed 
as wash-leather. The Hungarian method of tawing, 
now so long known, is employed for the preparation of 
leather torn the iicavy bides of oien, buffaloes, cows, 
horses, &q. They are washed, shaved, and placed in a 
salt and alum bath, where they are freq^ucutly trodden 
by the workmen. They are nest "fatted," by 1 
held over a charcoal fire, and repeatedly rubbed o 
both aides with hot toUow, and then hung up to dry : 
the result being a cheap but stroog leather used for 
saddlery, eapcciolly for artillery horses. The pre- 
paration of glove leather by the French, or Erlanger, 
method is one rcijuiring much core and skill j all the 
materials employed must be perfectly clean and pure, 
even to the use of distilled water, as if the leather 
becomes spotted it is useless for white "kid" at 
least, or for delicate-coloured gloves. BuU-r 
shoes are made of " calf-kid," hides of youug c 
the best kind of gloves, of the skins of milk-fed kids ; 
iod the. seooud quality, of lamb-skin. After clean- 
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% Ae akiBS is die osnal mutner, btrt vitb 
can, titer ue placed in ft paste oaudstiDg <^ the 
wbeaten flour, yolks of e^B, ftlnm, oommcm salt and 
water, which, whilst it taws them, at the same time 
renden them soft and enpple by the oil that it cod- 
tains. In this mixture the skins are thorooghlf 
soaked and kneaded, placed in heaps (2 or 3 per cent 
of carbolic acid being added to prevent too etrong 
heating), stretched by hand, and dried qnickly by ex- 
posure to the air. They are then trodden by the feel, 
linen cloths being int^rpoeed, or they are placed in r 
revolving dmm and again dned. After repeated cash- 
ing, Btrotching. and planing, they are rubbed with & 
disk of glass ('' a slicker"), and a solntion of white of 
egg, gum, or fine soap, to give a gloss, and the leather 
is dyed on the hair side by being brushed over with a 
Holntion of the dye. 

Knapp mentions that a very soft and white kid, with 
a beautiful gloss, can be obtained by tawing the epider- 
mis of lamb or goat ekins in a. solution of stearic acid 
in olcohuL Several methods of tawing or tonnlsg 
with mineral substances have also been reconuueuded, 
but have not yielded a good leather. 

Samian or oil tawing, known also as shnmoying, ie 
a process by which the skins and hides of oxen, sheep, 
deer, harts, and calves are converted into white, baff, 
oil, or wash leather. The name "shammy" is de- 
rived from the chamois {Bii^ii cajwa Tragus), which 
inhabits the Pyrenees and Alps and some of the higher 
mountains in Oreooo. The leather is used for military 
purposes, also aa socks, braces, waistcoats, belts, for 
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enrgical infitroments, and for wofihiiig gloBs atxd poliah- 
ing jewellery. 

The preparatioa of shainoyed leather from Btaep, 
gont, asd deer skins was osce a lucrative trade, great 
numbers of riding breeches being made for the cavalry 
of England, Prussia, Austria, Ac. The Duke of Wel- 
lington, whilst in the Peninsula, substituted woollen 
cloth insteail of leather, ns the latter shrunk, was long 
in drying, and chilled the men, often producing rhen- 
matism. 

Sheep and other skins with, the wool on are made 
into mats and rugs by the felhnongcr, an ancient call- 
ing, meaning one who deals in folia or sheep skins. 
In Eiodus we read of " ram skins dyed i-ed." The 
grease is fii-st remofed, the skin is then made into 
leather with alum and sumach, or a weak golntion of 
terra japonica, and the wool afterwards dyed with a 
permanent and bright colour. Tlie coarse wool skins 
of Leicestershire and Lincolnsbire sheep, and those of 
Angola are generally nsod for this purpose. 

Some of the applications of leather I have already 
mentioned, and it would be needless and naeless to 
attempt to enumerate thom, as they are so well known. 
In its importance leatlier stands next to cotton and wool, 
and nearly if not quite equal to that of iron. Chemistry 
faae made some improvements, but not nearly bo many 
as in our other manufactures. Machinery bos done 
much during the last fifty or sixty years, such as hy- 
draulic presses for expressing grease, washing, glazing, 
and finishing mactines. But the most important of 
^s the " splitting machine." The denumi ^1: 'Cat;^. 
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leather is immenae, and such ia the valne of thia 
machiue that it sj)lit§ a aheep-Bkin in three, allow- 
ing the top or grain to be used aa skiver, or white 
leather ; the Becond, as vellum and parchment ; and the 
third, or flesh side, as glae. 

The machine coneiBts of two rollers, the lower one 
of solid gun-metal and the upper one of ringB of the 
same material. These rollers revolve in differ^t 
directions, and between them is a knife which moves 
backwards and forwards more than a thousand times in 
a minnte. The skin, with the smooth side downwards, 
is placed on the lower roller, and is caught np and 
dragged forward to the tnifa, the rings of the npper 
roller adjusting themselves to any inequalities in the 
skin. The processes for beautifying leather by com- 
pression and polishing also render the leather so treated 
more solid and impervious to water. Stamped or 
embossed leather, which was revived in Paris about 
1836, with mauy improvements, ia a very durable and 
elegant covering for chairs, couches, boUe, &c. ; and by 
hydraulic pressure an in:ipression from a mould is Boon 
given to leather, the "relief" of which can be filled 
in with composition if need be. Dyeing, varnishing, 
and enamelling leather, have been carried to a high 
state of excellence, the employment of aniline and 
other brilliant and permanent colours, and the 
improved varnishes, leaving very little to be di 



GUTTAPERCHA. 

By James Collins, F.B.S., Edinburgh, &c. 
Tkb substance (or aubstances) known to \m nnder the 
name of Guttapercha, is the concreted or inapissated 
juice of certain plants belonging to the natural order 
Sapotacese, growing in the ITalajan Archipelago. The 
name guttapercha must now bo looked upon as a 
generic one, but it was first applied to the product of 
Isonandra yulla (Hooker), which tree is looked upon 
as the guttopercha tree, though its produce is more 
correctly known as "gutta tabiin" or "tuhan." The 
meaning of guttapercha is gutta (Malay) = gum and 
percha, the native name of the tree yielding this gum, 
the eh in percha being pronounced soft as in perch, and 
not as if spelt perka. The native name for the Island 
of Snmatra is Polu (i. o. Island) Percha, and is believed 
to have arisen from the fact of guttapercha trees 
growing there. The naming of a country from some 
product ia not nnconimon, as is known to be the c 
with the Island of Pinang, "Polu Pinang" meaning 
Areca Island, so called from the growth on it of the 
palm yielding Pinang or Arcca nuts. 

Of the early history of guttapercha very littlo ia 
reooided. It waj used by the Ghiiiee& {lom asi ea^ 
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period for rarions pnrpnooB, axxA its first iiitrodncti< 
into England is generally ascribed to Dr. Hontgomi 
tbough a sample or samples erieteU long 
poBBOBsion of the well-known faniily of the TradeBoanta. 
In the catalogue of thoir Moseum, entitled 
TradeBcantiftnum : or a Collection of Rarities preserred 
At Sonth Lambeth, neer London, by Jolm TradesoanC 
London, 1656, we htiTe the following interest 

"Tra. Variety of RaritisB. — The plt/ablf r»a 
Kiirmed m imter, leill uort to any fan 

I have italicised this sentence because it is I 
remarkable. The term "mazot " variously spelt app€ 
frequently in oH domestic catalogues and in poetry,! 
being applied to cnps originally made of the maple ( 
mnzor, though afterwards applied to thoKO made of other 
sabatanccB. These were often richly ornamented with 
carvings and quaint legends ; and to these pledge cnps 
or wassail bowls our forefathers were much attached, 
and often Bpecializod them in their wills. Spencer, in 
his ' Shepheardo'a Calendcar,' has the following; 

" Tliun loe, Perigot, the pludgu which I plight, 
A mazer ywriiught of tba maple warre, 

WliereoB ia eciihasei! maoj a fayie sight. 
Of berea slid tjgrea that maken fiera norre ; 

And over them epred a goodly wild viae 

Entrailed with a wonton yrie twiae." 

And ^ain, in his ' Faerie Queene ' Bpeaking i 
Geoiiafi, he Bays : 
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" unci by bia side 

A mighty mazer bowle of wine was aett, 

Alt if it hiid to Mid bene sacritide, 

Wherewith all (low-wimo gneata he gratjflde : 

So he did eke Sir Guyaa paeaing by; 

But be his ydle ciuteaiu Jefide 

And overthrew hia bowle disdain fully." 

Now tluB UBina applied to guttapercshii m^y have 
been given either beoauge cups were made of it, as a 
substance well adapted to bear injuries reeeived in 
dnmlten bouts, or from the resemblance which it had 
to mazer or maple wood. Tradescaut's " Closet of 
Natural Earitiea " was by a deed of gift bequeathed to 
Elias ABhmole, and placed in the Aehmolean Museum 
at Oxford, but very few of the original specimens now 
exist, and up to the present time 1 have not been able 
to trace this apecimen or its history. Another fact is 
worth recording, namely that one of the English ver- 
nacalar names for the honoitdra gutla ia " Mazer-wood 
tree." However, the further following out of this 
question is of too antiquarian a character to be dealt 
with in the present volume. 

The honour of introducing this substance into Euro- 
pean commerce is, as usual, claimed by more than one 
person, though it belongs to Dr. Wm. Montgomerie. 
In 1822, this gentleman was on duty at Singapore 
as assistant surgeon to the Eesidency, and whilst mak- 
ing im|uiriea relative to caoutchouc, was informed by 
the Malays of substances called guttapercha, gutta- 
tuban, and guttagiiek. Having to leave Singapore and 
return to the Bengal Presidency, he was unable to 
follow up the subject till he waa &gtdn. BWiki'&.«&. aS. 
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Singapore in 1842. Ho then noticed in tbe hands of a 
Malayan woodsman a yarang, or aie, tho handle of 
which was made of a Bubatance quite new to him. He 
found on inquiry that it was of gnltapercka, which he 
was told could bo moulded into any form by simply 
dipping in boiling water until it became soft and 
plaatic, and would regain its rigidity and maintain ite 
form when it became cold. He obtained eamplee, and 
made several eiporimenta as to its capability for 
surgical implements, and the results he coramnnicated, 
with specimens, to the Medical Board at Calcutta ; so 
fitrongly recommending its adoption, that the Board 
approved of his views. ^ 

In the same year he also seut specimens to tt^| 
Society of Arts of London, which presented bim wiij^l 
their Gold Medal for this good service. The me^l 
of this introduction was also claimed by Dr. Jo^H 
d' Almeida, who, obeierving that this eabstance was oboH 
for native whips, sent epecimcns to the Boyal Asiai^l 
Society of London, which placed them in their Mueet^H 
in April, 1843, but took no further notice. Curiouri^H 
enough, the French also claim the honour, guttapenj^H 
having been obtained from Macao traders by a CM^H 
mittee sent out to open up commercial relations vij^| 
China (1830-1843), but by tho time these were brou^fl 
to France, patents had been taken out in Suglui^H 
From, a careful comparison of the relative claims ^| 
Or. Montgomerie and M. Jose d' Almeida, the prioril^| 
in point of time and in pnbUcation seems clearly d^H 
to Dr. Montgomerie. ^M 

ItwaBnot,boweTer, tiI11847 that a name waap^^J 
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to the tree wbich. yielded guttapercha or gutta taban. 
Tliifl wus found out by Mr, Thomaa Lobb, wLo had 
been collecting plants for Mr. Veitch of Eieter in tho 
Malayan Islands, and who, together with Dr. OsIoy,8ent 
epocimena to Sir William Hooker, who described and 
figured the plant under the name of Igonandra gutta. 

In 185G Dr. Do Vriose published the first part of 
his deBCriptioa of plants collected by Dr. Ecinwardt, 
who had beon employed for some years previously on 
a botanical misHion for the Dutch GoTcrnmcnt in 
Malay, one of the results of the mission being the dis- 
coTury of no leas than eighteen trees yielding gutta- 
percha. These trees consisted of an oblong-leafed . 
Viiriety of Isonandra gutta, as well as other species 
of Itonandra, Sideroxylon, ChrysopJii/lliim, BoBsia, &c. 

Mr Motley, an intrepid Englishman, who was maa- 
sacred at Bangermasaing in Doruoo, paid great atten~ 
tion to the subject of guttapercho, as evinced by his 
apecimens and remarks forwarded to tho late Sir 
William Hooker, and the substance of some of these 
remarka I now give. Isonandra maerophylla of Do 
Vriese, and called Ni/ialo putih, or white guttapercha 
by the nativea, ia a large tree, and yields a white or 
Beuoud quality of guttapercha. 

The gum of Moldeyaym of De Vriese is used to 
adulterate the inferior kinds of guttapercha, and ia 
nnaaleable by itself. Its seoda yield by expreasion 
aa oil used for lamps, and when freah, for cooking. 
The true grows in deep hoga, and ts called "kotian"' 
by the natives. The Isonandra dasyphyUa of Miguel 
^Jsojidda k very poor guttapeiclia ani oi -^ei^ 'ViSSwa 
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use. Another variety, called Ngtato mecah, or red 
guttapercha, yields a good quality. 

I will now give a synopsis of the various substances 
known as guttapercha, for the purpose of distinguish- 
ing them, and I trust that it may induce those who 
have the opportunity to add to them. 

Native Names. Botanical Sonrce. 

Ngiato putih (i. e. white Isonandra macrophylla, De Vriese. 

guttapercha). 

Kolian . . . . . . . . 7. motUyana, De Vriese. 

Benyon 7. dasyphylh, Miguel. 

Ngiato mevah (i. e. red 7. species. 

guttapercha). 

Guttapercha 7. gutta, Hooker, the same 

name being applied to other 

species generally. The true 

guttapercha is said to be an 

inferior article. 

Gutta tabau, or tuban . . 7. gutta^ Hooker. This is said 

to be the correct native name 

of the product of this tree. 

Gutta muntah, gutta These are said to be synonyms 

soondie, gutta girek, of gutta taban, and also to be 

or geggrek. the produce of the same tree. 

Gutta claison, gutta jelotoug, gutta litchu, are also names of 

varieties of guttapercha. 

Of these varieties I have myself met with parcels in 
English commerce under the following names : gutta- 
percha, gutta taban, gutta muntah, gutta soondie, gutta 
girek, and gutta claison. Sometimes gutta muntah is sold 
as such, but as a rule only the term guttapercha is used. 

The trees furnishing guttapercha are found on the 
alluvial tracts at the foot of the hills, where they 
£oi2iiah Inzuriantly, forming in many spots the prin- 
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eipol parts of the jnnglee. They may he said to range 
over a square tract extending from 6" to 10° N. long, 
to 10° S, long., and from 100° to 120^ E. long., and 
though found formerly in great ahandance in Singa- 
pore, are now collected in Johore and along the Malayan 
Peninsula aa far as Penang, and in Sumatra, Borneo, 
Jaya, MadoTii, and moet prubahly throughout the nu- 
merous islands around. The accounts given of the 
collection of this substance aro very interesting. The 
Tabas tree has a perfectly straight trunk of from 60 
to 80 foet high, and 2 to 3 feet in diameter, when fully 
grown. Its wood is soft, fibrous, and spongy, of a pale 
coloDT, and marked by black lines consisting of reser- 
voirs filled with the gum. The average yield of gutta 
at different seasons of the year is probably the same, 
but the collection of it is chiefly carried on in the dry 
season, as during the periodic raina, work in the forests 
is atteuded with fever, and the rain washes away the 
gutta as it exudes. The masimum yield of a full- 
grown tree is stated to be about 14 Ih., but it is often 
much nnder that figure. The original mode of collec- 
tion was by cutting the tree down in order to extract 
the gutta, and then ringing it with an am at intervals 
of 3 to 18 inches, cocoauut sheila, epathes of palms, or 
other receptaotea being placed underneath to collect 
the milk. The contents of these were poured into a 
bamboo, and if the quantity was small, it was consoli- 
dated in the hand, and if large, carried to the huta and 
boiled to drive off the water. When quite pure, gutta- 
percha is of B greyish- white, its reddish hue arising 
rtly from the presenoe of an acid, \>u.t ^ratfJi^MSiq 
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from admutnre with bark. When the first demand 
for guttapercha tiraae in 1815, treae nere cat down 
wholesale in Singapore till the supply fell short in 
18i7, and ten years later guttapercha trees ooald only 
be Boen us ciirioeities, and then only as young trees in 
gardens. The falling off in Singapore caused a general 
ransacking of the forests, so that native rulers soon 
claimed the collection ae a monopoly, and became fuUy 
olive to their right of confiscating all that was collected 
by others in their territories. The exports from Singa- 
pore in these early years have been given as follows : 
In 184i, 1 picul (= 133* lb.) ; 1845, 169 ; 18i6, 
5364 ; and in 1847, 9296 : all collected in Singapore, 
Malay Peninsula, Johore, Sumatra, and Borneo. It 
has been calculated that to obtain a picul (133i lb.) 
ten trees have to be destroyed, and as the qnanti^ 
from the Ist of January, 1845, to the beginning of 1847 
nas 6219 piculs, no loss than 62,190 hod to be de- 
stroyed in order to furnish this quantity. In 1857 
the export was about 4:1 millions of pounds weight, 
and the present estimated annual export is put down as 
about 10 millions. Singapore in this, as in the case of 
many other products, is the entrepot, and guttapercha 
is brought from the surrounding countries in large or 
small quantities, the low qualities of which are snb- 
1 to boilings. Its appearance before being boiled 
resembles shreds of a dry, ragged bark, light in colour, 
and easily crumbled by the fingers. The various parcelfl 
of gnttas are sorted by Chinese as a rule, who bring 
great skill to bear in the operation. The parcels are 
boiled in on iron pan with cocoanut oil, and kept con- 
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Btently stirred, and re-boiled tliree or four times with 
firesh oil, till, with the addition of aorao portion of 
good guttu, the whole is amiilgamatod into a good- 
looking guttapercha, though mnch bettor in appear- 
ance than in i^nality. The best, howevor, is not bo 
treated. In the English market guttapercha of three 
kinds IB recognized, viz.: " genuine , le-hoild," and 
gutta muntuh. The "gomiiiie" is fine native gutta- 
percha in pieqea of irregular shapes and variuus sizes, 
of a pinkish colour, hard and tough in texture, and 
mised with bark and other mattors more or less. The 
secDnd or boiled variety is generally in the moulded 
form of ohlong slabs, and cossistiug, as I have men- 
tioned, of various qualities, often of other guttoa, 
boiled together to produce an even-looking substance. 
The third is poioHB, and of a white or greyish colour, 
and is believed to be crude guttapercha, which has 
not been subjected to any boiling or other operation 
whatever. In Holland tlicro are uu less than eight 
varieties into which guttapercha is classified in the 
public sales, the prices betwecu them varying as much 
at times as 50 per cent. Letters are used to diBtinguieh 
these classes, as A, AA, B, EB, C, CC, D, and Offal. 
Thus, in a series of specimens from Amsterdam, I have 
the following ; 

"A, splendidly fine and pure." 

"AA, very fine und pure." 

" B, fine, less pure." 

"BB, good quality, very coarse, with much bark and 

"Offal, ra-lmiled, adaJterated, very inferior quality, 
tJntoit ffoilhleH." 
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The prices of gnttapercha vary much, ttccordin 
the supply anil dcmaix]. Thus in January, 1879^ 
have prtcee quoted as follows : 

QenaJQe, pure, dry, and unadulterated, 2 

Hiddling and fair 1 

CoDimon and re-boiled 






I of what 1 



These prices i 
formerly were. 

As I have already stated, guttapercha, when tjnt 
pnre, is of a greyish-white colour, but, as met with in 
commerce, is of a red or yellowish hue. In this state 
it is nearly as hard as wood, only just receiving the 
impression of the nail, of a porous structure, and when 
viewed under the microscope has an appearance which 
haA been coni[iared to ice, consisting as it does trf a 
Boriea of variously hued prisms. Wlien moulded, rolled 
into sheets, or drawn into topes, it aaenmes a fibrous 
character in the direction of its greatest length, and 
this tenacity in a determined direction allows of stretch' 
ing, though if stretched in the opposite direction it 
raptures. If, however, a strip of a sheet be cut off, 
across the fibre, it will be found that in such a strip 
there is a redistribution of the tenacity ; that is to say, 
the direction of the fibrous character is dcTeloped in an 
opposite direction. The electrical properties of gutta- 
percha were first noticed by Faraday. If a piece he 
subjected to a gentle friction, an electrical spark can be 
obtained by its means . 

At a temperature of from 32° to 77° Fahr., the tenacity 
of guttapercha is about equal to thick leather, though 
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) leas £<ixiblo and not at all elaetic. At a higher 
temperature, viz. at 110° FaLr^ it beoomea in a water- 
batli leBS hard, and towards 120° Fahr. it BoftevB and 
becomes donghy, though still tough ; at it still highei 
temperature, from 145° to 150*^ Fahr., it becomes soft 
asd pliant, readily allowing of being moulded and 
rolled. In this state it has all the elagticitf of caout- 
chouc, but this it loses ae it cools, and gradually 
becomes hard and rigid again, retaining any form 
impressed on it whilst in its plastic state. It contracts 
slightly in hot water. It is highly inflammable, and 
bums with a bright flame, dropping a black residue 
like aealingwas, which it much resembles. Dr. Adriani 
determined by a series of very accurate esperiinenta 
the permanent stretching and elasticity of guttapercha. 
He em])loyed a piece of machine belting, fixing one 
end and weighting the other, and observed by means 
of n delicate inatrument the stretching whilst weighted 
and the contraction due to inherent elasticity, care- 
fully regulating tljo temperature and time of each 
eK2>erimGnt. From these experiments it appears that 
the elastic Gtretching for a weight of 3 kilometres 
is 0' 00308 metres, the permanent stretching being 
0-0006 metres. The band employed wos 0-001775 
metres tliick and 0-06 m£tre wide, and broke with a, 
weight of 106 kilometres. In some experiments by 
Dr. Glover as to its capability of bearing pressure, it 
was found that a piece of piping 1000 feet long, having 
ail internal diameter of 1 inch and an external dia- 
meter of li\ inch, bore a pt-eseure of 100 lb, on the 
square inch without bursting, pieces of the siauie, Y''^ 
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bursting only at 272 lb. on the square inch, while ft 
pieco ^ inch interna] diameter and ^ inch external dia- 
meter buret only at 700 lb. on' the square inch. The 
specific gravity of giittaperchn has been varionsly 
stated from 0-96286 to 0-99923, M. Payen donbting 
whether it weib lighter than water ; and pieces when 
deprived of air (which its porous character 
admits) were found to fall to the bottom of a vc 

Guttapercha, like caoutchouc, is a hydrocarbon, 
both are by eome even considered identical, 
analyses given of guttapercha are carbon 87 
hydrogen 12-20, by Souboiran; carbon 87-22, 
hydrogen 12 - Oi, by Dr. Miller ; while Faraday's foi 
for caoutchouc is carbon 87 '2, hydrogen 12-8 
thuB it is seen that the two subBtauces are T-eiy 
to each other. Commerciul guttapercha is not a 
prosimato vegetable principle, but consists chiefly; 
a hydrocarbon, which may be termed pare guttct, 
siniply gutla, and a soft resin miiod with it_"i; 
the proportion of 15 per cent. 

The following is M. Payen's analysis of commt 
guttapercha ; 

Pura eutta (milk-wl.ile in colonrand fusible) 75 ti 
BeBtuH. Bfilublu in boiling alcohol, and cou- 

sisting of two parlB : 
1- CryatttlbinB or albane (C,„H„0,>, a white 
orjBtnlliied reein, oryataUizinE out of the 

alcohol as it cooU ig 

2. FluavUe {C,„H„0), a yellow amorpho^ " 

reain. falling u,a an amatphous powder 
on the cooling oC Iho iot alcohol in which 
itiBBolubla A 
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Now the preseneo of this resin, which gives also 
colour to tho guttapercha, is owing to the abBorption 
of oiygen, and the consideration of the efl'ect of atmo- 
spheric oxygon ia very important in an industrial point 
of view, aa the alternate exposure to moisture and 
dryness, and at the same time of the sim'a rays, rapidly 
destroys guttapercha, rendering it brittle, friable, and 
resinous, and whatever retards or prevents this change 
consequently prevents the decay of the guttapercha. 
From a series of experiments undertaken in order to 
ascertain the imiise of decay in guttapercha coating of 
telegraph wire, Dr. Miller showed that, where such wires 
were protected frum the light, and in the case of cables 
kept completely and continuously submerged, he did 
not Snd any sensible deterioration of the guttapercha, 
and that those submerged in either fresh or salt water 
only increased slightly in weight from absorption of 
water, their tenacity and structyre having undergone 
no change. Thus it is proved that, with certain pre- 
cantions, this metomorphism into rosin by absorption 
of oxygen can be prevented or arrested. 

Guttapercha is insalublo in water, alcohol, dilute 
Dcids, and allcaliea, and is soluble in warm oil of 
tnrpontine, bisulphide of carbon, coal-tar oil, caout- 
ohJne or oil of caoutchoac, and that of its own oil, for 
it yields by destructive distillation an oil similar to 
that yielded by caoutchouc under the same treatment. 
Ether and some of the essential oUs render it pasty, 
and hot water, as is well known, softens it, absorbing 
a small quantity of the water, which is slowly parted 

h oacocdiiig. 
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I now pass to ft consideration of its industrial appli- 
cations. 

la the aatamn of 18i4 Dr. Montgomerie whilst in 
England delivered a lecture at the Society of Arta on 
guttaporcba, and Bevoral poreons obtained EpocimenB 
to experiment upon. Poremost amongst these wore 
Mr. WMshaw, who made and exhibited a tube and 
latho band made of it ; Mp. Hancock, so well known 
in connection with caoutchouc ; and also Messrs. Keene 
and Kickole, who made arraugoments with MeHsra. Wil- 
kinson and Jeweshnry to import the article for them 
from Singapore. The first importation by this firm 
(now Messrs. J, W. Jewesbury and Co.) was in 1845. 
A copy of the original account sales of this, the jirei 
importation, I believe, into England, now lies before 
me, and is for " 68 hage of gum gutta ex ' Queen ' @ 
Singapore," and weighing 42 cwt. 1 qr. 3 lb. The 
_ patents for processes in working guttapercha, taken 
out by Messrs. Keone and Nickels, were sold to the 
"Guttapercha Company" in tha City Eoad, a firm 
amongst the first in the field, which has sustained its 
position over since. 

In 1844, Mr. C. Hancock took out a patent for 
" certain improvements in corks and other stoppers, 
and a new composition or substance which may bo used 
for, as a substitute or in preference to, cork," this new 
substance being guttapercha. This alone, or in com- 
bination with caoutchouc and mixed with ground corks 
or wood sawdust, was the material of which the corks 
were to be made. The guttapercha alone, or combined 
with caoatohoiiCi was to be diaaolved or masticated t 
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proccBses similar to those ueed is the manufactnre of 
caoutchouc and applied to similar useful purposes.V 
The utility of this combination of guttapercha with 
caoutchono was early acknowledged, for a mixture 
of one part of gattapei'chft to two of caoutchouc com- 
binoa the properties of both, and can he vulcanized 
together equally as well as if separate. Mr. Biooman, 
in 1845, propoBed to use it na aa artificial fuel, either 
alone or mixed with small cool or ooal dust, pitch, saw- 
dust, or tar, tho resulting soot to bo utilized as a pig' 
moat for printers' ink. Ho purified his guttapercha 
for the purpose of making varnishes, by passing it 
several times through a cleansing machine counected 
with a tank of water, and using steam and rollers. 
After cleansing, the guttapercha was to bo kneaded 
like caoutchouc, miiing with it colouring matters, sul- 
phur, caoutchouc, &c., with the addition of French chalk 
to improve its smoothness and emery to roughen it. 
Thus prepared, it was moulded, stamped, embossed, or 
Aiast, and in its plastic or solid form applied to the 
some purposes as was caoutchoup, and by means of 
tlte same machinery. He also formed threads of gutta- 

I percfao, by placing a roll of it in a cylinder and forcing 
it through a dye of the required size by means of a 
piston, cooling the thread as it issued forth with cold 
water. Such thread, either alone or covered with flas 
or silt, he plaited into hats, caps, bags, whips, bridles, 
cordage, &c, _ 

Mr. Nickels also introduced guttapercha sheeting ^H 

ae a substitute for vellum, leather, and paper, in hind- ^| 

^^^r and covering books. ^H 

||_ __. J 
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Mr, Eeene, in 1845, introduced improvements in tbe 
niBimfacture of boots, Ac, by coating or covering them 
with gDtlapercha, using gnttapetcha as Eolee, by 
aniting the differeot parts with guttapercha cement; 
sIbo ia making boots entirely of guttapercha com- 
pounds, and sulphurizing snch boots if required, Mr, 
Bewley patented the mamifactnre of piping for syringes, 
tubes, hose, &c^ by forcing guttapercha in a state of 
plasticity or solntion in a cylinder, through a hot disk 
with holes, into a cup, from whenco it passed round a 
core and descended in the desired tubular form into a 
receiver of cold water. 

In 1846, Mr. Hancock introduced several improve- 
mente in the manufacture of guttapercha and its applica- 
tion, alono or combined, with other subBtancos. He first 
cleansed it by Mr. Brooman's patent, and then, whilst 
still in a plastic state, further purificuit by forcing it 
by means of screw power through numerous holes in the 
bottom of a cylinder and through strainers, or he pre- 
pared the guttapercha in a state of solution and filtered it 
through flannel, wii^e gauze, or felt, and then evaporated 
the solvent. Guttapercha so treated he combined with 
caoutchouc, orpiment, or some other sulphuret or sul- 
phur itself, and applied heat in order to impart to it 
new characteristics. He converted it into a cellular or 
spongy mass, by incorporating with it olnm, carbonate 
of ammonia, or other volatile substances, and placing it 
in heated moulds, till the eapansion due to the volatili- 
zation of the substances so incorporated should force 
the guttapercha into the form of a sponge, Alao for 
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and pliable, he Bubjected it to the action of a sulphur 
compound, either in the form of sulphurous acid gna, 
or a Bolutiou of sulphurous acid ; or covered it with a 
paste composed of sulphuric acid and charcoal, and 
tbeo applied heat. The addition of was or tallow 
rendered it more soft and pliable. He also steeped 
the guttapercha in an alkaline solution of soda or potash 
to diminieh or remave its acid smoll, and in the case 
of cast or moulded articles, be brushed over bronze 
powder to give a metallic surface. In order to prevent 
atretching of the straps or bonds, used in driving 
machinery, &e., Mr. Wharton introduced metal wires 
iato such straps. 

In 1847, Mr. Hancock introduced further improye- 
ments. In order to cleanse the guttapercha, he first 
sliced it by a machine with three radial knires. The 
guttapercha so cut was then passed through various 
rollers, a "mincing" machine, consisting of parallel 
blades working with ft acissors-like action, and lastly 
through jiressing loUers, being carried from and to the 
various machines by means of endless bonds. To 
sulphurize or metallo-thionize the guttapercha, he added 
6 ports of sulphuret of antimony or bydrosnlphuret of 
lime and 1 part of sulphur to 4S of guttapercha, and then 
boiled the compound nader preasuro. "^ 

In 18i8 Messrs. Barlow and I'orster obtained a patent 
for covering telegraph wires with a mixture of gutta- 
percha and gum kowrie, or with guttapercha alone, the 
wire being placed between two heated fillets of the sub- 
stance and made to adhere by passing between two rollers, 
Ja the same year Mr, Bicardo patented a mBfilmiib'^\&% 
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pair of grooTed roUore, througli wbich the wires paa; 
placed parallol betwoeti the fillets, the action of 
rollers being to bito nearly tbrongh the gnttapercliA, 
and allow of the several wires so covered to be easily 
eepar&ted. Mr. Truman, in the saioe year, also intro- 
duced guttapercha as a moulding for the month instead 
of motal, in which to fasten artificial teeth. In 1850 
Mr. E. W. Siemens invented improved machinery for 
coating telegraphic wires with guttapercha, cooBistiiig 
of a cylinder or cylinders in which the guttapercha is 
placed, and by the pressure of a piston forced throngh ■ 
die, tJirough the centre of which the copper wire passes 
acrl thus becomes sorroitndcd. It was also abont the 
same time applied to printing calicoes, &c., by haTLuga 
pattern impressed on it, its flexibility aUowing of its 
being easily fixed round a cylinder. Mr. Besaemer 
1851 also used it to giro an ornamental surface 
leather or woollen fabrics for bookbinding, &o., 
covering the substance with a thin film or coating* 
guttapercha, and, whilst the film is still hot, mbl 
over its earface a piece of cotton wool charged 
bronze or other metallic powder, 1i 
Bicborda also patented, in 1852, a combination of 
and guttapercha for gnn wads, and guttapercha in 
fonn of cores for liollow conical projectiles ; gntta] 
was also used in the production of artificial flies 
fishing, and dumb jockeys. Mr. Ferkins, 
patented it for taking costings by making a nu 
of the desired pattern with pkatic guttapercha, 
bing over with plumbago, electroplating it, 
Bo£l metal over the electroplated surface bo aS' 
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^Te a Bnbgtantial back, and tliGu removing tho gutta- 
percha. Numerous patents were fium time to timo 
taken out in wbich guttaperclm was the base, such 
»a mixiug it with ground cocoanut shells, ospbulte, 
pitch, sawdust, &c., for purposes of economy and as 
a ready means of holding such substances together. 
Id 185G, Mr, Rider jwtontcd improvementa, which 
consisted ia adding 1 part of sulphur to 66 of gutta- 
percha, exposing the compound so formed to a lieat 
of 235^^ to 215° Fabr, to espol any volatile ingre- 
dients, and then vulcanizing it, using for the piu-pose 
a heat of 265=" to 265=" Fahr. Mr. John Macintosh's 
telegraphic cables, patented in IS67, were niado by 
coating the wire with guttapercha alone or mixed with 
caoutcbosc ; round this a bat or fleoco of fibres was 
folded and pressed into the guttapercha, and over this 
another coating of guttapercha mixed with a quantity 
of iron filings. These are but a few of the many 
patented improvements, and will serve at least to show 
what great actirity, industry, aod ingenuity have been 
brought to bear on this one substance, in order to 
bring out and utilize to the full its varied and useful 
properties. 

I now turn to a short detailed consideration of the 
manner in which it is nutnufactured, though the pemsal 
of the various improvements to which I have directed 
attention, will have already given some idea of how it 
is carried out. 

Guttapercha as received by manufacturers is very 
impure, from the presence of bark, sand, clay, and 
wood, utd often stones, which have been inaftttM. \n. 



BUITISIt MAXUFACTUBlXa I.VDUSTSrES. 



1 



the centre of n block in order to increase its weight. 
It ia generally iii the form of irregular oval lumps or 
nbloDg blocks, though a great deal was seat over in 
grotesque ttliapea by the natives, who fashioned the 
guttapercha whikt plastic into monstrous heads, 
animals, birds, lizards, serpents, crocodiles, &c. 

The first operation is therefore to purify the gntta- 
peroha, and to effect this it ia first subjected to the 
action of a slicing machine. This consists of a 
powerful circular wheel of cast iron, with a thick 
rim in order to impart to it tlte momentum of a fly- 
wheel, driven by a bond from the miiin shafting. In 
this wheel are two or throe slots, in which knives 
resembling broad chisela are set. Motion being com- 
municated to the wheel, a block of guttapercha ia 
placed on a aholf fixed at the side of the wheel and 
inclining to it, so thnt the knives as they are brought 
round descend on the block and cut slices off. The 
knives can be easily removed and sharpened, and this 
becomes the more neoosEftry from the frequent pre- 
sence of stonts, which often fly out and strike the 
operator. These slices have next to bo softened, by 
placing them in wooden chests filled with water and 
heated by steam. TLey are then taken out in baskets 
and placed in a " devilling " machine, placed over and 
at one cud of a trough of warm water, and consisting 
of toothed-iron cylinders driven by machinery. The 
guttapercha, as it is caught between those cylinders, is 
torn by thoir action into shreds and falls into the 
water below, advantage being thus taken of its light- 
ness aa it floats on the top of the water, the impurities 
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feUing to tho bottom. This spongy muss ia removed 
with perforated or Bieve shovels, thoroughly wnshed in 
eoH water, and placed again in baskets to be dried. 
It is then piicted in jacketed iron cheats, heated hy 
steam, till it becomes a soft but incoherent maBS, and 
nbilst in thia state is thoronghly kneaded or masti- 
cated. These masticators, similar to those used in 
the mannfacture of caoutchonc, consist of a cast-iron 
cylinder, with a movable lid and a central masticator 
in the form of a solid toothed axis of iron, which re- 
volves. This process is kept up for some time, and 
has the effect of thoroughly incorporating the gutta- 
percha and rendering it consistent in quality through- 
out the mass, which becomes of a brownish-red colour. 
Various substances are added, either to increase its 
density or hardness, or simply colour it, such as 
orange lead, red lead, orange chrome, rose pink, ver- 
milion, yellow ochre, sulpliur, caoutchouc, gypsum, 
resin, &c., great cure being taken to select such 
eubatances as are not injured by the application of 
the heat employed in their incorporation. When 
tite action of the masticator has been continued long 
enough, the bolt of the door is removed, and the gutta- 
percha turns out of the cylinder and is caught by two 
men. The addition of other substances is made with 
great nicety, as by this means a product can be ob- 
tained either soft and elastic, or hard and rigid like hone 
or horn. The mass whilst still hot is taken to the roll- 
ing machine (two steel cylinders), and as the gutta- 
percha passes through it, is received on an endless 
band of felt, which brings it back again to ttia 'ccii^Kni, 
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a &n blciwisg on it to cool it as it passes along. It is 
r&-rolled till it bec«moB compressed and tlio air driven 
out, the distance between the rollers being lessened 
before each succeeding rolling. These sheets, if re- 
quired to be cut narrower, for driving bands foi 
instance, are rolled on two drams, between which is 
placed a metal frame with slits, in which knives are 
fixed at distaucos according to the width of the re- 
quired bands, and as the sheets pass over the knives 
and are thus divided, they are wound on the second 
drum. The bawls are then passed through a simple 
machine, where they aro made of a uniform width by 
tuoans of rollers, and have their edges rounded. To> ■ 
make string, a sheet is pressed between rollers w MM 
parallel knife o^lges, which indent the gnttaperdMH 
Buf&ciently to allow of the stiingB being separated fa^H 
hand. Theae strings are placed in a trough of wai^H 
water, and the operator, standing between two Bii^H 
troughs, takes the strings in his hand, stretches h|H 
ronnda them, and passes them over his shoulder iiwH 
the second trough, and this is repeated till they BUljH 
bronght to the snbfitanae and finish required. Qntt^lH 
porcha string is used for many purposes, as it is easi^m 
joined, although it is not so strong as an equal thidte^ 
noss of hempen string. To make soles for boots, tb^l 
shoot guttapercha is cnt into strips and lengths by wl 
machine with a aeries of knives, and these ore cut tea 
the proper shape by a hollow die. Tube making isTa 
another important branch of manufacture. The piping;! 
or tube machine, something like those used to maboti 
mooaroni, consists of a cylinder to hold the plastiflM 
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gattaperclia, and a, pieton to force it through a, mould- 
ing or die piece which geyemB the size of the pipe. 
Bunning through the centre of the moulding piece is a 
core of metal of the size of the internal diameter of the 
pipe ; and when the power of the piston ia applied, the 
guttapercha ie forced around this core and against 
the moulding piece. Its internal and external diameter 
being thus goTerned, the tube ia forced out of the 
cylinder and 18 received in a trough of cold water, 
which hardens it, the water that enters the tube prevent- 
ing its collapse. To its power of resistance for piping 
I have already alluded, and this renders it very valu- 
able for liquids, as it can be steeped in water, salt or 
fi-esh, buried in damp or marshy ground, withstand 
friction, and the attacks of marine insects. The pres- 
sure which it readily bears is more than sutBcient to 
disrupt a leathern pipe and send it flying in pieces. 
For conveying water it has great superiority over 
lead, as it does not contaminate it. The facility with 
which it can be shortened, lengths added on, or a de- 
fective piece cut out with a huife and a perfect joint 
made either with itself or ia connection with metal 
with the application of heat, renders it estremely 
valuable. Its acoustic properties are well known. The 
essential points required in any acoustic instrument is, 
that it should hold a large amount of sound in a small 
space, and yet not stifle the sonnd vibrations. 

These qualities guttapercha tubing possesses in a 
high degree, and this has led to its employment as ear 
trumpets, stethoscopes, and other surgical apparatus, 
and domestic telegraphs or speaking tubes. Telekoco- 
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phonaa, ae Mr. Whiahaw firet termed them, s 
to be aeea in almost every office and warehouse, ■ 
they afford nn easy means of comninnication betwM 
different departments, and are valued aa " mnacle a 
time Bavers." la churches ond other public buildinga 
there arc frequently pews or soata which have pipes 
communicating for a distance underground with I 
pulpit or platform, and tbua enahle deaf people t 
boar, the trumpet end being stamped or cast in t 
form of a carving or moulding, so aa not to I 
distinguished from tbo surrounding ornamentation. 
The comportment of guttapercha witli acids and alka- 
lies renders it of great value in tbe laboratory and the 
manufactory. It yields certainly to strong nitrio or 
sulphuric acids, but is unaffected by tbem if dilute, 
as also by concentrated hydrochloric, hydro£nonc, « 
acetic acid, or by chlorine or cold fixed oils, 
leads to its employment for siphons, flasks, fimnc 
pipes, bowls, ladles, meaauros, and carboys, to a 1 
extent, instead of lead or glass. In vitriol vroiks i 
found that, whereas bncketa made of tbe boat leath 
have to be renewed twice ft week, thoae made of g 
percba last three months. It is also extensively u 
for driving belts, as its non-injnry by grease, t 
water, aoida, alkalies, and chemicals generally, a 
fiicility for being joined render it highly val 
It is also employed largely for lining eistems. 

But the greatest ueo to which guttapercha has b 
put is that of covering telegraph wires, and it n 
safely affirmed that to guttapercha we 
dimeuaioDB of our system of telegraphy. Electrioiii 
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their hands tho power, by means of a wire, of 
holding converse with the globe, and transmitting 
their thoughts or records of their actions as q;uickly 
as thoy could utter them ; but tho wondrous messenger 
Teq^uired to be curbed in with a strong hand, or else it 
wandered anywhere but in the desired direction, any 
attraction causing it to fly off at a tangent. In other 
words, what was wanted was some substance, cheap, 
lasting, and easily applied, which by covering over the 
wire should thoroughly insulate it, so that the current 
of electricity may not be broken or diverted ; and at 
this critical period guttopercha was brought to notice, 
and soon proved itself to bo better adapted to the pur- 
pose than any other material. In the notice of patents, 
I have alindod to the manner in which telegraph 
wires are coated, Tho first method was by laying the 
wires parallel on a strip of hot guttapercha, and then 
placing a second slip over them, causing adhesion and 
division of tJie individual covered wires by means of 
rollers. Tho second method, now generally adopted, 
is by charging cylinders with plastic guttapercha, and 
tlien by means of a piston forcing it through a 
" moulding piece," through the centre of which the 
wire is gradually drawn and gets completely coated 
to the thiclcness allowed. The wire as made is passed 
through cold water and coiled on drums. For sub- 
marine cables, coatings of tarred rope and galvanized 
iron wires are wound to give additional strength and 
security. Telegraph wires are also of great use in 
exploding mines, blasting roclfs, and subaqueous es- 
;ions from a distano^,. 
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One of the earliest appUofttiona, namely, to boat- 
making, is nuw higtoricBlly connecteil with Arctic ex- 
ploration. Captain Foreytli, who had conunond of an 
cipodition sent out fay Iiady Franklin in eearoh of ber 
husband, took ont u guttapercha boat with h'ni , and he 
states that " whilst the other boats constmctod of wood 
snfTered mnch by tho cutting of the young ice, the gutta- 
percha boat wna not in the least damaged, and tetnmed 
to England in almost as good condition as when she 
lefl;, although ebo underwent all the rough work o\ 
voyage." Its weight was only 18 lb. Mr. Snow, 
was in tho Albert expodition, gives oven stronger 
denco in its favour. Tho boat attached to this expc 
tion had a skeleton of wood, and the gnttapercha sit 
had a covering of caoutchouc on the outside. 
Snow aaya, " Having in almost every instance 
charge of the guttapercha boat, ... I had good 
ample opportunity of giving her a fair trial, . , . 
at last I preferred her to any other ; . . . and the 
whalors 'considered her far superior for such 
to the ordinary boats generally naed.' One of 
severest tests was in searehing for a Danish set 
ment, when the boat had run through a stream 
ice and resisted the different attacks it received ; 
as a memorial of our visit and the value we attached 
the article of which our boat was made, the inlet 
were then making our way through was called ' Qui 
percha Inlet,' a name it will no doubt always retain 
be remembered by among whalers." The eeverest trii 
which it endured, however, was about Whali 
'Where loose masses of ice at times lifted it complel 
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oat of tlie water oi threw it aidewaye on Bome craggy 
piece, but these difBcultioB were surmounted bravely. 
Aay other kind of boat Mr. Snow considered wotild 
have been " crushed or stove on the iuBtant." 

Aa a decorative and fine-ait material, gutfapercha 
is largely used, in the shape of inkstoiidB, jien-trays, 
baeketa, watchstands, vases, and many other familiar 
articles. 

This part of the manufoctnte gives employment to 
many clever modellers ond stampers. A design being 
selected, a model is prepared and elecU'otyped, and 
a cast is taken for a mould, the mould being filled up 
with lead at the back in order to bear the necesBary 
pressure. The guttapercha being carefully placed 
between the mould, is then subjected to pressure, and 
when cold is taken out and trimmed. Somo of these 
casXa are very beautiful, as the gattapercha will re- 
produce the finest lines. " Marbling " guttapercha is 
effected by mixing up together guttapercha of different 
colours, and this is done so skilfully that old oak and 
other woods and also marbles are beautifully imitated. 
Bach operator has a slab heated by st^am and a hot- 
water both to carry on his operations. These various 
articles are varnished with a solution of guttapercha, 
and thne aciiuire a glass-like brilliancy and surface. 
Solutions of guttapercha in coal naphtha or other sol- 
vents arc effected in large vertical cylinders, fitted with 
a etirring apparatus, and this solution is lai'gcly used 
as a cement for waterproofing and as a varnish. The 
appHcatiouB of guttapercha are legion, for it is used 
I substitute for leather, papiei-mache, >:nx$i^Ki»c< 
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wood, millboard, paper, metal, &c., in which a snb- 
stancc, which will withstand rough usage and the 
action of water, alcohol, dilute acids, and alkalies, is 
necessary or desirable. 

There have been from time to time many substances 
recommended as substitutes for it, and some of them 
have boon tried, such as the Cattimandoo and other 
Euphorbia inspissated juices. Pauchontee, the juice 
of Bassia eliptka of Dalziel, and the Mudar, the juice 
of Calatropia gigantea, have attracted much attention, 
but have never been introduced into commerce. The 
" Balata " gum of British Guiana, a product of Sapota 
Mulleri, is a valuable substance, and met with a ready 
sale, but none has been imported for a considerable 
time. It was sent over in a state of great purity, and 
in its qualities it stands about intermediate between 
caoutchouc and guttapercha. 
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INDIAEUBBER OR CAOTJTCHOTJO. 
Br Jami^i <Jox,i,is8. F.B.S. fiiiuburgh, &o. 
This 7ery interesting Babstiuipa is known in this 
country under the ruimea of India or Indian Rubber, 
Bobber, Caontobouc, or Giun Elastic. Of theae names 
I prefer that of Caoutchouc (ptononnoed Kowk-ehook), 
though in the following account it will be funnd tliat 
the words are used indifferently. Caontchouc is the 
inspissated milk or juico obtaiued &om various shrubs 
and trees, natives both of the old and new world. This 
mitk is found in certain branched or anastomosing 
tubes termed Ginenchyma (so called from the move- 
ments of the fluid in tbem), or lactiferous (milk- 
bearing) VQfisols. The tissue is most abundant in the 
middle layer of the bark ; this latter, as is well known, 
oonsistiug of three layers, the first or outermost being 
generally of a more or less corky nature, and largely 
developed in the cork-nak ; tbo second and usually 
thin layer, as seen best in milky-juicod trees ; aud the 
third, or that next to the wood, called the liber, most 
largely devoloped in Sbrgufi plants. Many plants, even 
the dandelion, contain caoutchouc, bi:t the trees and 
shrubs furnishing it in sufficient quantities fur com- 
mercial purposes are found only within certain limits 
of heat and moisture, &c. Thus all the commercial 
fafliambber is obtained from trees in Aistria^a tiS.'&ga. 
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tho isotherms, or haying an equal heat of 70° Fahr. 
with a mean annual temperatui'e of 76°, not falling 
lower than 61°, and an annual rainfall of about 90 
inches, great moisture being one of the chief charac- 
teristics of the districts where such plants grow best. 
I shall now give an account of the different varieties of 
caoutchouc known in commerce, together with some 
information respecting the plants yielding them. 

Tho different kinds of caoutchouc known to com- 
merce may bo thus classified : 

American. — Para, Ceara, Pemambuco and Maranham, 
Carthagona, Guayaquil, Nicaragua, "West India," 
Honduras, and Guatemala. 

Asiatic. — "Singapore," Java, Penang, Siam, Assam, 
Borneo. 

African. — Madagascar and " West Coast." 

To a description of these I shall chiefly confine my 
attention. 

I. American. 

Of the early history of American caoutchouc we 
have very interesting accounts. Herrera, in his de- 
scription of Columbus' second voyage, says, "They," the 
natives of Hayti, " had other amusements, such as the 
game of ball, for which they had a house set apart, and 
they played it, so many on each side, without sticks or 
bats, for they struck the balls with any part of their 
bodies, and with great dexterity and nimbleness. Aiid 
the balls were of the gum of a tree, and, although large, 
were lighter and bounced better than the wind bftUs 
of Castile." Juan de Torquemada, in bis 'De 1a 
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Monnrquift Icdiima' (Madrid 1615), gives more explicit 
information. He aajB, " There is a tree which the 
natives call tJliiquahuitl " [i. e, CastiUoa elastiea] ; " it 
is held in great estimation and grows in the hot 
country. It is uot a very high tree ; the leaves are 
round and of an ashy colour. This troo yields a white 
iniUcy Bubstauce, thick and gummy, and in great 
abandanue- To obtain it, the tree is wounded with an 
axe or cutlass, and ironi these wounds the liq^uid drops. 
The natives collect it in round vessels of different 
siaes, called in their langnnge, ' xicalli,' but by tie 
oalalmsLes. In these they allow it to settle in round 
balls, of the size most convenient for the purposes to 
which they are about to apply them. Wlien quit* 
Bet they boil them in water, in which state the gum is 
called ' ulli.' The Indians who have got no calabashes 
smear their bodies over with it, for nature is never 
without 0, resource, and when it becomes dry they 
remove the whole incrustation, which comes off in a 
very smooth membrane, its thickness depending on the 
wUl of the party collecting. They then make it into 
bolls and boil tliem as before. Anciently, they used 
' to play with these bolls, stTiking them against the 
I ground, and making them to rise to a great height. 
But in the game of pelota it was not struck against the 
t ground, but caught upon the liip or shoulder. 

" From the ulli an oil ie extracted of groat value in 
various applications. It was formerly much used by 
the natives, nor have they forgotten its properties now, 
for it is soft and lubricous, and of especial eObct in 
' gMoring any tightaeaa of the oheBt. Tha o&. i& a 
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tractcd from the nlli by heat ; it starts out in a maimer 
to excite admiration, leaving nothing to compare to ii 
The oil is drunk mixed with cocoa, and, indeed, it 
softens any other medicine, however hard its quality. 
It is also found of great advantage in stopping haemor- 
rhage, for which it is taken internally. The coagu- 
lated ulli is so strong in itself, that a breastplate made 
of it no arrow will pass through; for, being of a 
nature leathery and membranous, it ejects the point 
The kings and nobles were accustomed to make shoes 
of the ulli, and to order the fools and jesters, the 
humpbacked and dwarfs of the palace, to be shod 
therewith, in order to make them sport, for the wearers 
could not step without falling, which, with their 
awkward actions, gave rise to much jesting and merri- 
ment. Our people, i. e. the Spaniards, used it in 
waxing their cloaks, which were made of coarse canvas, 
so as to make them resist water, and, in truth, it is of 
great effect in resisting water, but not so the sun, for 
the rays thereof melt it." 

The first accurate information about the species 
Sijphonia or Hevea, which yields Para caoutchouc, is 
that given by M. Charles Marie de la Gondamine, who 
together with three fellow-members of the Frenoh 
Academy started in 1735 for South America on an 
Astronomical Mission. He found these siphonias or 
seringas in great abundance. Writing of them he 
says : " The rosin named cahout-chou in these coun- 
tries of Quito adjacent to the sea, is very conmion 
on the banks of the Maranon (or Amazon), and serfes 
for the same uses. When it is fresh they work it with 
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moulds into what eliitpe they please, and it is impe- 
netrable hy the ntiii ; hut what renders it most 
remarkahle is its great elasticity. They make hottles 
thereof whioh it is not easy to break ; boots and hollow 
bowls, which may be squeezed flat, and when no 
longer under restraint rcBUmo their first form. The 
Portuguese of Para have leomt of the Omaquas to 
make squirts or syringes thereof, whioh Lave no need 
of piston or sucker ; they are made hollow, in the form 
of a pear, when scooped, having a little hole at the 
small end, to which a pipe of the same size is fitted ; 
they are then filled with water, aud by squeezing 
them they have the same effect as a common squirt ! 
This machine is mightily in vogue among the Oma- 
quas; when they meet together by themselves for 
any merry-making, the master of the bouse never fails 
to present one to each of bis guests ; and the use of 
the squirt is always the prelude to their most aolemn 
feasts," This use of the milk led to the Portuguese 
name, " Pao di Xirringa," i. e. the " Syringo Tree," 

Par6, Caoutchouc. — Of all the various kinds of 
caoutchouc found in commerce, this is the most 
valuable, and consequently ohtaius the highest price. 
Para oaoutchouc is fumisheil by the following trees : 
Heeea OuayammiB of Aublet (known also by Persoon's 
name of Siplionia elastiea, and Willdenow's of Sipltonia 
eoAuoAu), a tree SO to 60 feet high, with a trunk 2 feet 
to 2 feet 6 inches in diameter, greyish and thin, and 
white light wood ; and by H. Brazili^asis, a lofty, 
handaome tree, branching from the base, aud yielding 
die caoutchonc, which is most abundantly excited,'. 
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H. tpnieeaiux, B smaller tree than tbe l&st: H-paucy- 
/vlia, a largo tree, 40 to 50 feet high ; II. riijidi/dia, 
A tree 30 feet Ligli ; E. discolor, a troe '23 feet high, 
which is spariug in its milk ; and others. 

These treoa are known by various Teniacnlar name^ 
gach as Caoutohonc, Caii-cho, Seringa, Xeringne, £or- 
Taclia, HevS, &c., tlio collectore of tbe caoutchouc being 
colled in Brazil " Serin gueiros." 

The Seringa trees are lai'ge, the trunks yielding a 
very pure nod good caoutchouc, aud growing abun- 
dantly in the humid forests of tropical America, eepe- 
oially along the Amazou and its tributaries. The seeds 
are employed for baiting fiah, and also yield by ei- 
pressiou an oil of a clear violet colour, used in the pre- 
paration of varnishes, &c. The trees abound on tbe 
low islanils in mid-river and along tbe banks of tbe 
river Amazon from the Island of Maraj^ at its mouth, 
to its source. The chitif Pard district is between the 
Tocantiua and the Zingu, and along aod between tbe 
Tapajoz and Madeira, on tbe Bio Negro, Caaiquaiaii 
and Uaupes, tributariee of tbe Amazon. It occurs 
also on the plains of the Orinoco, in French Guiana, 
&a. For nearly all our definite information relative 
to those trees wo ai'e indebted to the researcboE of 
Dr. Spruce, an intrepid botanical traveller, to whom 
I have been personally indebted for valuable mana- 
Bcript notes on the subject. The climate of the AmasuiQ 
valley, where these trees beat grow, has been so well 
and gmpbically described by Spruce, Wallace, Bates, 
ojid others, that I need only observe that it is remark- 
able for uniformity of temperature and for regulur 
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supply of moisture. From June to December is the 
dry season, and from January to May the wet. The 
bent is geaorally not above 87^ in the sftornoon, or 
below 7i° at night, the meon for the year being about 
81° Fahr. It is iu these dense moist forests that 
caoutchouc trees lumriate. The collection of the Para 
caoutchouc commences as soon, as the waters of the 
rirei Amazon have subsided, viz. iu August, and 
continues till January or February, the trees literally 
standing in water during the wet season ; during the 
whole time the milk being much too aqueous to be 
of use. The mili is at first of the consistence and 
colour of cream, but on eiposure tbe particles of 
caoutchouc coalesce, leaving behind a whey-like liquid. 
Each morning the collectors visit the trees that have 
been incised the preceding evening, and take away the 
ipillr which has run from the cuts. These havo been 
made with a knife or machete, &om tho trunk to tbe 
roots, while on either side oblique cuts at short dis- 
tances meet the central line or cut, forming channels 
down which the milk nms to the receptacles at the base 
of the trees. Sometimes a greater quantity is obtained 
by binding the trees with cords or bands formed of 
tho stems of climbing plants, called lianas or sipos, 
but this generally results in the death of the tree so. 
treated. At other times a quantity of bark is stripped 
off, or the tree is even cut down. The milk is then 
poured over clay or wooden moulds, and the coating 
dried by means of a gentle heat. Nuts of certain 
palms are put into a pan, or a pot with a narrow neck, 
those of the Urucuri {Aitdea exceUa) being most geocr 
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rally used. These nuts are then ''toasted" over a 
fire, and give off a thick white smoke, in which the 
caoutchouc is held, until a sufficient coating is oh- 
tained, when it is taken off the mould. Caoutchouc so 
prepared, when cut, presents a heautiful laminated 
appearance. Smoke does not hlacken the caoutchouc, 
as generally stated, or even colour it in the least, the 
brown appearance of Pard caoutchouc being due to the 
absorption of oxygen from the air, as anyone may 
prove by cutting a thick piece through and noticing 
how soon the white centre becomes darkened by ex- 
posure. 

Another and more modem method is adopted to 
prepare caoutchouc in Brazil, which consists in treating 
the milk with an aqueous solution of alum, and then 
subjecting the caoutchouc to pressure to get rid of the 
moisture. This is generally done at the collectors' 
homes, and is the more popular, as it does not neces- 
sitate a lengthened stay in the unhealthy vicinity of 
the trees. Sulphur too is also used in the preparation 
of Pard caoutchouc. 

Caoutchouc appears in commerce in several forms: Ist, 
flat pouches or "biscuits," a very fine, carefully prepared 
caoutchouc made by successive dippings and ^ smoked," 
and with one side cut open, for the purpose of with- 
drawing the mould ; 2nd, " bottles," made in the same 
manner ; 3rd, " Negro-head," or " sumamby," consisting 
of the scraps of rubber left after the preparation of the 
finer descriptions, rolled into large balls or blocks, 
sometimes 12 inches in diameter, and often very much 
adulterated ; 4th, loose " scrap." 
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The export from Pard in 18S9 is as follows : 

To LrinJon and Liverpool 181,987 acrobaa.* 
To European contiuiiD I aO.Sli „ 

' ToNew York 182,813 „ 



= 4558 2 2 22 



JSaranham caoutchouc appears occasionally in com- 
meroe, and has the general character of that of P«rd. 

Ceard. — This caoutchouc, which resemhles Para, 
coUBiata of reddish-hrown pieecs rolled up into balls 
or blocks, and known commercially as Ceara, " scrap." 
The trees are incised at the beginning of the dry 
season, and the caoutchouc picked at the end. It is 
good, but- barky. 

The caoutchouc obtained from these districta is the 
produca of a species of Meoea, and is also found in 
French Guiana, Venezuela, and Pern, 

Perna mhuco. — Caoutchouc is ohtuinod from Hannomia 
gpeciom (Gomez), known by the native names of Man- 
gaihft or Mangabiba. The fruit is highly estoomed, 
and is of a yellow colour, a little streaked with red on 
one sido, and about the size of an Orleans plum. The 
tree, of which there are three or four varieties, m about 
as big as an apple-tree, with small leaves and drooping 
branches, giriug it tho appearance of a weeping birch. 
It yields good caoutchouc, but is more valued for its 
fruit, which is sold in the markets of Rio Janeiro. It 
is found in the provinces of Bio Janeiro, Bahia, Per- 
nambuco, Goyaz, Saint Paid, Sorgipe, TJlinas Geraes, 
* An uioba = 2S^ lb. 
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Hsjsl, &c. Its caoutchooc ie Bomcwhat like thjit o 
Parii, but is seldom eiportod, 

I next come to the considcratioti of the Ule groap d 
caoutchoucs, known ia the English maiket as Caitiia". 
geno, Giiayaqail, Nicaragua, " West India," HoaduraS) 
and Gnatcm&la caouti^boDce. These are all obtained' 
&om a speciiK of CiutiUoa, of which two species sni 
described. 

1, Caglilloa ehttica, CerTantes.- — This tree, : 
tionod by Don Vincente de Cervantes in an inanj 
lecture ou botany, published at Mexico in 1791, is a 
of the loftiest and most luxuriant trees of tho forest 
which adom the hot north-east coast of Mexico, s 
a stem three to four yards in circumference, and ver^ 
straight, and tho bark smooth, soft, and thin, 
branches are alternate, horizontal, and hairy at tb 
npper end, and the leaves alternate, a foot and a I 
long and seven inches broad, and covered with t 
hairs. The tree ia called Ule by the natives. 

2. Gatlilloa Markhamiaaa, Collins.-^ This new special 
published in my official Report, is named in honour a 
Mr. Clements K. Markham, C.B., of the India Offio 
This tree ia smaller than the last, and ita caoutchot 
is said not to bo so good. The margins of its I^t< 
are serrated, and of a different form to those of ( 
elastica. It is called Ule-Ulo by tho natives, and ; 
found chiefly on tho Isthmus of Panama. 

The climate where these trees flourish is warm i 
humid, the rain falling iu Nicaragua for eight or n 
months in the year. The juico is most advantagoona! 
coUocted in the dry season, the diflorence being ■ 
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60 per cent, more than in the wet seaeon. A tree 18 
incliea in diameter will give 20 gallons of milk under 
the moat favouraljle cireumatancoB, each, gallon yield- 
ing 2 lb. of good dried caoutchouc. The following 
deBoription of the method of collection in Nieajagua 
will answer for all. 

NiOARAODA Caotitohoco. — ^Tlie Huloro, as tho col- 
lector of caoutchouc is called, makes a ladder of climbing 
plants, if unprovided with giMchog or hooks, and fastens 
it to the tree as high as possilile. He incises the tree 
with an axe by one of tivo ways. One is by making a 
long vertical cut with diagonal cuts running into it, as 
in Brazil; and the second, encircling the tree with one 
spiral cut from t-op to bottom, though in large trees two 
such cuts are made, the second being in tho opposite 
direction to tho first. At tho bottom, an iron spout is 
driven which conducts the flowing milk into pails. In 
the evening it is passed through a sieve to &ee it from 
bark, &c., and then run into barrels. 

To bring about coalescence of the caoutchouc, the 
juice of certain plants is added, such as the Iponuea 
hona-^wx, a convolvulaceoua plant. This juice cansee 
the caoutchouc to separate into a soft mass, smelling 
like fresh cheese, floating in a brown fluid. It is sub- 
jected to presBuie by a plank or iron roller, and dried. 
When those planka are not obtainable, the addition of 
water brings about the desired efTcct, but takes a longer 

New Gubsada.— Tho caoutchouc produced here ie 
known in commerce as " Carthagena," and is imported 
in the form of sheets of ^ inch t\u.tL^EaKS&, ~\.\i 'Na» 
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a somewhat ** chewed*' appearance, resulting from 
pressure. In colour it is black, of good quality, 
though at times "tarry," probably from the admix- 
ture of a "trunk resin" with the milk, through too 
deep an incision. 

Ecuador, or " Guayaquil " caoutchouc, is so called 
from its port of shipment, and is sent away in large 
plates or lumps, of a whitish colour in the best kinds, 
the lowest quality being somewhat porous, and con- 
taining a disagreeable black staining liquid. 

Panama caoutchouc obtained from these two plants 
is largely prepared, and chiefly exported to New 
York. 

West Indies. — Under the name of " West India," 
the best description of Central American caoutchouc 
is known. In none of the West India Islands, as far 
as I have been able to ascertain, is caoutchouc col- 
lected; though possibly Yucatan, Belize, or some or 
all of the Central Eepublics may contribute. This 
variety consists of numerous plates pressed together in 
blocks, and called "sheet," and is of great purity; 
and also a second kind, called " scrap," which is good, 
but barky. 

Guatemala caoutchouc is the lowest American 
variety. It consists of sheets pressed together, with a 
large quantity of " tarry" matter mixed with it. This, 
I am told, has led some firms in Hanover to refuse to 
use it, as this " tarry " matter is said to disagree with 
the workmen. 

Mexico. — Here the Castilloa elastica has long been 
known^ and its caoutchouc used by the Mexicans in 
medicine^ for surgical iiiB\a:\iaieii\&, «iA ^^WrgtwJl 
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garmentB. It has the fia,me general characteristics as 
the rest of tho Ule gronp of ca.oatchoucs, and recently 
parcels of it hare been sold in London. 

II. AaiATio EiwDB OF CAouTCBono. 

fhe credit of first bringing to the notice of Eupo- 
B the existence of caoutchouc in the East seems to 
belong to Mr. James Howisoo, a Surgeon in Prince of 
Wales Island. In his pa])er on " The Elastic Gum 
Vine " of that island, published in the ' Asiatic Ee- 
searchea,' 1798, he says that the general way of 
obtaining the gum, was by cutting the plant into 
lengths of about two feet. By means of was moulds he 
made himself gloves, boots, waterproof garments, and 
other articles. This plant was named by Dr. Hox- 
burgh, Urceola elailica. Tho neit discovery was in 
1810, by Dr. Rosburgh himself, who receiving from 
SUheb ft torong or basket filled with honey, as a 
present, found that the lining of the tnrong possessed 
greater interest to him thau the honey, being of 
CBOutehouc. He named tho tree producing it FicuB 
elasfica, familiar to us as a window and greenhouse 
ornament in this country, 

I shall first speak (if tho caoutchouc produced in India 
and from the Malayan Archipelago from a apeoies of 

Absas or Sn.nBB caoatchoaCj as it is sometimes 
termed, is tho only kind obtained from India, and is 
the produce of the Ficus ela»tica of Koibnrgh, known 
in Bengal as " Knanir " or " Kasmoer." This tree is 
found along the foot and in tte low tao^lc'ai. -salie-je. A 

I Himalayas from the Meclii mci otx "^e. "Se^ftsi- 
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boundary, at 88° E. long., to the extreme .boundary of 
Assam, 79^ E. long. ; as well as in the low valleys of 
the southern mountains of the Brahmapootra valley. 
It is, however, only found abundantly in parts of these 
districts, where characterized by hot steamy valleys, 
with a heat of about 98° Fahr. The trees are cut with 
a knife, and the milk is received in holes prepared in 
the ground, or leatcs folded up in a funnel shape. 
About 50 ounces of milk is the average yield of a tree, 
giving about 15 ounces of dry caoutchout;. To prepare 
the " loaf" kind, the milk is poured into boiling water, 
and stirred till it acquires some degree of firmness, and 
then dried. The small '* ball " kind consists of strings 
of caoutchouc which has been allowed to dry on the 
tree. Assam caoutchouc, either in the form of large 
blocks or separate balls, is shipped from Calcutta in 
baskets made of split rattans, and generally covered 
with a "gunny" bag, such baskets weighing about 
3 cwt. each. This caoutchouc, and indeed all caoutchouc 
prepared from a species of FicuSy has a peculiar mottled 
appearance ; in this variety the colour of the various 
agglutinated juices ranges from cream or flesh to that 
of a pink colour, verging into red, and with a glossy 
surface. Its good qualities, however, are much injured 
by gross adulteration with sand and other impurities. 
In the Malayan Archipelago large quantities of caout- 
chouc are produced and exported to this country. 

Singapore caoutchouc is the produce of a species of 

FicuSy most probably of Ficus elastica. This caoutchouc 

is not the produce of the island itself, but is imported 

from J&va, China, Manilla, Malay Peninsula, Penang, 

and MalaccA, 
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Tlie following Table by Mr. Hancock gives tbs 
importB at Singapore of caontohoua for the years 
184 9-5Q to 185i-5 : 

Qja™ 358,736 

Sumatra 763,280 

Cliina 1,680 

MuniUtt 14,896 

Bornen 3,021 

Malu J PeninBula 418 

Penang and Malacca 253,568 

ElaewheiB 130.256 

a 181d-55 only 723,068 lb. were prodnced in Singa- 

e, and alnco tliia duto it has beeo stated thui Dona 

■woolleoted. "Singapore" caontoliouc baa a bright 

d colour and mottled appesranoe, and is very hard in 

■tcKture. It is xhipped iu similar piickagee to that of 



Java caoutchouc is the produco of Fie.us elastica, 
and the tree is there called " Pohou Kareh " or 
" Kohlelet." The natiyes incise the tree and allow 
the caoutchoac to dry on the troo, nsing the strings 
80 obtained aa torches, with which they search for 
edible birds'-neste. This caontchono has a mottled 
appearance, the colour being darker than that of 
Assam. 

Pehanq and SiAU prodace caoutchouc of good 
ijoality, having the mottled and glossy appearance 
common to those produced by species of Fieu». China, 
too, contains caoutchouc trecB, and the Ficus elaitica 
boa been recorded as a cultivated plant in Hongkong, 
but there are no direct shipments; if we receive it, it 
K'iR.M^ Singapore. 
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BosxEO caoutchouc is receiTed in this eoontrjr either 
from Saransk, or via Singapore, und is obtuined from 
Ureeola tlaxtica, and made its first appearsDce in ^English 
commerce in 1864 nnder the name of" gntta snsu," 
MalsTalim for milk-gnm. This plant ie a climber, I 
taining at times the thickness of a man's body, 'with'V^ 
sc^t and thick bark, and a fruit of a fine apricot colour, 
and containing ten to twelTe seeds of delicious flavooi 
enveloped in a pulp. There are three varieties recog- 
nized by the natives, viz. a, eerapit, the fliost common; 
b, petdbo. tho best variety ; and o, menungan, a variety 
yielding the greatest quantity. To obtain the caout- 
chouc, the plant is cut into lengths of from a f 
inches to 2 or 3 feet, and the milk allowed to flow ii 
buckets, the operation being quickened at timea by H 
plying fire at one end of these billets. To coagulate J 
salt water is added to the juice, through which n 
water bocomes enclosed in little pockets by the ci 
tion, which commences on the outside of a film, and l3 
prevents the escape of the water, Borneo caoutohtl 
is white, soft, porous, or spongy, generally wet f 
the mode of preparation, and when old changes ti 
dull pink or red, and is often covered with e 
incrustation on the inside. It is of a good qua 
There are in the same districts two or three otj 
trooa said to yield caoutchouc, but they do not appi 
to he utilized, 

III. Afbican Einus of Caoutchouc. 
Madaoasoab, termed also " Mauritius" caontchd| 
though not known so long in England as i 
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has qnicklj risen into favour. It ib the produce of 
two or tbroo Bpeoioa of Vahea, found also in the 
Comoro Islands, viz. V. Oammifera, Lamarck (called 
Vanqhina by the natives), V, Madagascariengis, Bojer, 
called Voua, and Y. Comortentig, Bojer, a beautiful 
climbing shrub, 10 feet high, with white, sweet-scented 
flowers, and fruit of the shape and colour of an orange. 
In Madagascar the natives prepare the cooutchouo by 
means of salt water or artificial heat. It is rather 
more pinky in colour, but otherwise much resembles 
that of Borneo. 

West Coast.— One of the principal plants pro- 
ducing this caoutchouc has been identified by Dr. Wel- 
witsch, the Portuguese botanical explorer, as the Lan- 
dolphia owarieneig of Falisot de Beauvais. It is known 
to the natives as "Licongue" or " Licomgue," and is 
described by him as a large climbing plant, i to 
6 inches in diameter at a height of 2 or 3 feet from 
the ground. From this point it divides into several 
long thin branches, which arc subdivided, climbing 
along the stems and larger branches of neighbouring 
trees, to which thoy fii themselvos very tenaciously by 
Bpiral tendrils formed out of the indurated flower- 
Btalks after the ripe fruit has fallen off. The fruit is 
like an orange, with a hard, roddish-brown shell, con- 
taining a sweetish acidulous pulp eaten by the natives. 
Other species of the same genus yield caoutchouc, and 
are distributed between 10° N.E. and 10° S.E.; and 
also on the east coast at the moutli of the Zambesi. It 
is collected in a very slovenly manner. Sometimes 
veasdls are used to receive the pi'^'j but more often 
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A* iMtiw aUoir it to fqh. doim tiieir 

a wiKi ill II I ([iiaiitity has coUeeCed thoa, they wodt; 

imm^ w aw m g it in the fiicm of » ring. 

The dmef distiicta <>f export ue the Gaboon, 
AngEiI^ Bengnela, and ZambesL 

Kttirmr, eMKitchaiic is received in this 
lixnw of ''Cake," roaui "ball,'' and " toDgne," has b 
noet £aBgieeaUa odoor, is naeons, and is generally 
the least elastic of aQ Ihs vazieties. 

Time are thiee notarBl oidere of these plants, tbos 



Eoptkoibiacen : Eietaa 8|ieeiee. 

ArtoeajpoccD : CaatiBaa Apeci^ Fira ihttiai. 

ApocTDOf e« : SnKorniti tpKioaa, Urceola ebatica, FiiAra 

ppeciics, Lisiulatpkiz species. 
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I hare now mentioned the yarions TaristieB of 
caontchoQC known to commerce, and the following 
Tables give the prices, together with the impoite or 
actoal eales of the game, in London aad Liverpool, 
during the period from June 1871, to Jnne 1872. 
The prices qnotcd are those actually paid for the heit 
deacriptiouB of each variety unless otherwise stated. 
The average price is taken &om the total of the vtuioits 
prices paid during the twelve months, and not jrom 
tho highoHt or lowest prices alone. 

TjIblk 1, — iMFOETa Hid Pkiceh of Caoctohouo in London fniiii__ 
June 1871 to June 1872 (babed on the Monthly I 
of MesHn. Jackson and Till, Colonial Srokers, I 
I.Hiiu, LoniVn) : 






Stti and WoKt Iiidiiu 






ending June IB 



ISDIASUBEER OS CAOUTCHOUC. 

M paid, nt per lb. during the Bsme period, fur t 
partefe onlij : 



Pries fw 



F 

^K Ford 2 10 

^^^ SingapoTQ 2 

^H Penang 1 9^* 

^H Borneo 19 

^^V AsEiam 1 Sf 

^H Westlnilia 2 

^^ Guntemda 17 

Goayaqnil (presBBd) 2 OS 

OorthageoB 2 1 

AMoan 1 5 



t The highcHl price pold wiu for > patcci ot great potHj. 
Tablx U. — SiLEB nud PB10E3 of CAonTCHOuo in Liverpool from 
a 1871 to June 1872 (buBed on the Monthly Reports of 
V, J. H. Bajuer und Co.. Colonial Brokota, Liverpool) : 

3610 tons (imported during tlia year), 

irthagooa* 1770 telea eold „ „ 

■■ 3320 „ „ „ 

luayoquil* 4S0 tons „ „ „ 

■"Aftiraui* ., 905 „ „ „ „ 
Hoadaias A &w bales. 
Mexican .. „ 

• Ths actDal importi mny ba iligliUs Inwcr. as nt timfs i parcel tnaj be 
frJrtfl tor Hpcci]latlE>D purpuwzfl. 

» paid at per lb. for best deecripfiona only, during the 




Deacriptii 




2 11 

2 

1 \ 
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t. d. V 

GnajBquil (preeaed) 2 1 H 

AfricuQ* 1 11 ^H 

HondutBB 1 \\\ ^1 

Ueiican I 10) ^| 

• Tbli JB for tbe b»l kind, vlitah l> new u commnn. Jt ii Um MtH 
dnciipUoD IB Ih? olhcr klndi ul Afrlcui, bat better preimnd. The prlno^H 
Aftioill cuuUJioiIc for June 1971 are: tnngum. U. »ii.; bills. II. IIM^I 
nlggeti. li. id. ; knuckla, ii. eiJ.; and Siike, it. Hil- ^H 

Allowing all the Tarietioe to be equally pure, tbeiM 
relative tbIuo may bo taken in the fullowing order: S 

Por^, Madagascar, Cartbagena, Ceara, West IndjfJ 
(sheet), Guayaquil (pressed), Singapore, Asaam, FaiB 
nang, Guayaquil (common), African, Borneo, an^B 
(irDateniala, fl 

In the cose of such a very oscful and highly neceifl 
sary article as caoutchouc, the question naturally arises, ™ 
how can wo secure lasting supplies at a sufficiently 
cheap price, as it is a well-established axiom that wo 
cannot long depend on the spontaneous products of 
the forests, or rely on the caprices of native collectors, 
and that recourse must bo had sooner or later to culti- 
vation. I have strongly urged this necessity, and will 
mention some of my roasons for so doing, as stated in 
my Report to Her Majesty's Secretary of Btate for 
India. I first showed the desirability of cultivating 
the FicM eloitica in India on as large a scale as pos- 
sible, and also how the caoutchouc should be collected 
and prepared. The mode of tapping as generally prao- 
tisod is exceedingly hurtful to the trees, and I have 
reoonunendod the use of a kind of "tapping" knifb 
which should only out thiough the bark and eave tdte 
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wood from iDJury. Treea bo tapped or bled ehonld bo 
allowed a period of reat of from two to three years. 
Proper metallic vessels should be provided to collect 
tte milk, so aa to prevent contaiaination with clay, &c. 

Afl to the preparation of tho caoutchouc, several me- 
thods are resorted to, which may be thus classified : 

Grtmp I. — Coalescence brought about by heat. 
Examples: 

►I. Artificial heat (dry) .. .. Pani, Maikgascar. 
i. „ (hot wator) Assam. 
& Natural heat Assam, Coaiit. 

Group 71, — Coalescence brought about by the addi- 
tion of various substances : 



7. 

P 



4. Almn Pari 

5. LIq. ammoniiB fort Pu&, Afiican (best kinds). 

6. Aaacid? (acetic acid?) .. Pari 

7. Certain pknt» .. .. -.. NiccraEtia. 

8. Frpsh water Nicaragua. 

9. Saltwater Borneo, Madagaacar. 

Bulphar Pari. 



Of these various methods that of dry artificial heat 
seems to be much the best, though aqueous preparation 
IB also good, if means be taken to dry the caoutchouc 
by adequate pressure. The milk should bo strained 
with a sieve before submitted to coagulation, to firee it 
from Srccidental admixture of bark, &c. It should also 
be prepared in the form of thin cakes, to reduce the 
poBsibility of adulteration to a minimnm Thus two 
tA the chief desiderata, pttriti/ and drynets, would bo 
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fleenrei I have endcavoored to show the great de- 
Birability of the acclimatisation and cultivation of 
the Heveas yielding rospectiTely Par/1, Central Ame- 
rican, Madagascar, African, and Borneo caoutchoacs, 
Castilloaa, the Vaheae and Landolphiae, and the Ur- 
oeola. 

The Pard cooutchono is undoubtedly the finest 
known, and where the question of price does not 
interfere, is used for the most Talnablo articles. 
MadagaEcar caoutchouc comes nest to that of Pf 
and I mentioned that all of those trees would 
improved by careful cultivatiou, and that 
chouc from them would be hold in high estimation. 
Larger quantities of good caoutchouc at a cheaper 
rate is much wanted, and, if supplied, would lead to 
CDrresponding increase of activity in its industrial 
applications, which, with its properties, I shall now 
consider. 

Orude indiarubber juice, when first obtained from 
the tree, has the appearance of a creamy substance, like 
cow's milk, and hos a emell of cheese or putrescent 
milk. Thin juice consists essentially of a watery fluid, 
containing small globules of caoutchouc, not dissolved, 
but suspended or diffused in it. These particles are very 
small, of a spherical fonn, and, according to the mea- 
surements of Adriani, from Tru^Tjirtr to inf'inr ef an inoh 
in diameter, the average diameter being yytsts of ^^ 
inch. The specific gravity of the juice varies much, 
according to the season, &c. If left to itself, it will 
gradually undprgo a change by the caoutchouc coalescing 
and swimming at the top of the liquid in which it is 



3ies. 

oi^H 
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suBpenJed. The percentage of caoutchouc in the jnice 
ia &ora 10 to 30, but it Taries according to the season, 
and ftlso the piirt of the tree from which it is ob- 
tained. In the wet season the milk is much more 
aqueoua tlian in the dry, and the milt of branches 
less than thnt of tLe trunk, and this again less 
than the roots. Pure caoutchouc has a sjiGcific gra- 
vity of from 0'92 to 0'96, and ia a form of hydro- 
carbon, that is, a body having only the elemontary 
bodies of hydrogiin aud carbon as its coustituents. 
Commercial caoutchouo, however, cuntaius albumen, 
aud this is said to be the cause of the coagulation 
taking place when the juice ia boiled. This coalescence 
is brought about fay exposure to the air, agitation, ad- 
dition of water, &a., but when once effected, no means 
are known of rediffnsing it again in its medium. A 
Bjwcimeu of juice " examined by the late Professor 
Faraday gave; caoutchouc, 31 -TO; albumen, 1'90; a 
bitter nitrogenous substance soluble in water and 
alcohol, 7'13 ; a substance soluble in water and in- 
soluble in alcohol, 2 ' 70 ; wax a trace, and water con- 
taining a. little acid, 56*37. Adriani examined the 
juice of Ficvs elaaliea and found of waf«r, 82-30; 
caoutchonc, 9-57 ; resin, soluble in alcohol but not in 
ether, 1-68 ; magnesia, combined with a peculiar 
organic acid, 4-4Q ; a substance, soluble in water and 

■ The Bpuciinen ei 
Mm by Mr. T, Honco 
obtAiaed from Si/iAsnia aihtKka. TLiia (roald not he tlie cans, aa 
Che efecimea vaa obtained fram the anuthmn part of Heiico, 
WfaAia the Cu^iOoa eiaatica growB, and not the Si^/umvi. 
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alcohol, but not in ether (eagar ?), - 36 ; and an cn^uiic 
anbatauce (doxtrine), &c., 2'18. 

Gaontchouo has not the formation of a texture, bnt 
is like a clear, strong jellj, and when pure is trans' 
parent, colourless, and olaatic, and with a pearly Instre 
when in tension. When exposed to the air for a 
few months to difiiised daylight, it gradually absorbs 
oxygon, and is converted into a viscid mass, and not aA 
all elastic. This should be borne in mind, as I have 
known cases in which specimens placed in mnseumB 
have speedily lost all their characteristics through the 
action of light. The &eBh-cut edges of caontehona 
which hue not been vulcanized can be joined togeth^ 
again, and be as perfect as any other uncut portion. 
It also contains much latent heat, as may be proved 
by stretching repeatedly a small piece and placing it 
against the skin, when the temperature will be found 
to have risen considerably, sufficient indeed, it IiM 
been found, to raise an ounce of water two degrees in. 
fifteen minutes. The best-known solvents of this 
substance are rectified oil of turpentine, coal naphtha, 
bisulphide of carbon, washed ether, chlorofonn, f 
caoutchine. This last is obtained as a clear yellori 
liquid oil by dry distillation of caoutchouc, and is 1 
some looked upon as the best solvent, and is ^ 
similar to oil of turpentine. The effect of solveaM 
on caontchouc is to first cause it to swell np and t 
form a ropy liquid, the caoutchouc returning to 1 
original elastic condition on the evaporation of 
solvent. It is also dissolved by fixed oils, and in 
combinations ia useful, though its elastici^ is by ti 
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means destroyed. It melts at 257° to 260° 6' FJir, 
bat OB cooling becomes a sticky mass, bumB with a 
bright, luminous flame in the air, and, if distilled, 
yields other hydrocarbons besides the caoutchine or 
eaoutchouciiio already mentioned. Differences of tem- 
poratiu-e cauBe it to espand or contract slightly, and a 
few degrees below 32° Fahr. it becomes less supple, 
very slightly adhesiTe, and hardly extensible. Under 
pressure it condeases very slightly, a cube of 2^ inches, 
under a pressare of 200 tons, condensing -^-g lb., and 
caosiDg a fly wheel of 5 tons to start back with great 
violence. 

The elasticity or stretching power is very great, 
and it can be temporarily deprived of this elasticity 
by forcibly stretching, and quickly cooling it, as also 
byplnngingit in cold water and vibrating rapidly in the 
air. In this state it will remain if kept sufficiently cool, 
bat when warmed it returns to its former dimensions. 
It is also one of the best non-conductors of electricity. 

Long after these trees were known to scientific men, 
caoutchouc was only looked upon as a curiosity in this 
country. Dr. Priestley, in the preface to his book on 
'Perspective' (1770), says: "Since this work wae 
printed off, I have seen a substance excellently adapted 
to the purpose of wiping from paper the marks of 
black-lead pencil. It must therefore be of singular 
086 to those who practise drawing. It is sold by 
Mr. Haime, mathematical instrument maker, opposite 
the Boyal Exchange, He selle a cubic piece of about 
half an inch for three shilliiigs, and says it will last 
l1 years." Hence the name Indib C-ob^i^. 
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Tho grent need of aome enbstance which w» 
render garraenta waterproof wrs generally felt, 
Wd find thdt as early as 1627 a patent tchb taken 
by one John Jasper Wolfen " for the terme of fonr- 
neene yeres" " vse or escise, practize or putt in Tse" 
" a newe inTcncon for the making and pparing of ctune 
Btnffo and skynnB to honld out wett and rayne" 
Borne of these early patents contain no specificatii 
but in others from six to fifteen different sobstances 
mentioned. In 1791 the first patent was granted to 
Samuel Peal for tho employment of indiambber fi» 
waterproofing purposes. Gam, either prepared or in 
its native state, was to be spread over the article 
to be waterproofed with a brueh, dried in a hot room 
or stove, and the application to be repeated till a 
sufficient coating bad been given. 

In 1813 a Mr. John. Clark took out a patent 
Btr-beds which were double cased, the ini 
inflated and rendered air proof by the application ati 
fiolntion of caoutchouc in spirits of turpenti 
in linseed oil. 

In 1820, however, the first of a series of patents 
taken out which marked what we may term the com- 
menoement of a commercial era in tho history of this 
interesting substance. It was granted to Mi. Thomas 
Hancock, who has been, styled by Mr. Eobinson (who 
established tlie ' Mechanies' Magazine ') the "father of 
this important and wonderfully increasing branch of 
the arte." Tliis encomium was justly merited, 
during the thirty-six years ho was in the trade 
infaodneed many improvemente, not the leBBt of wl 
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waa the writing * a hiHtory of the particular trade in 
which he was engaged. The patent was for the a])pli- 
cattun of caoutchouc to the wrists of gloves, trousers' 
straps, braces, helte, stccking gamers, laces for boots, &c. 
Difficulties, however, arose in the practical working of 
thia in the mode of attachmont, it heing found that tha 
straps split and hroko awaj from the puncture of the 
needle ; hut Mr. Hancnck sarmouated thiH hj making 
the ends thicker, and improved the manipulation by 
the use of wet cutting tools, hot water hatha, &e. The 
rubher was cut off in rings from small thin hottlee, the 
form in which they were imported, and the pieces 
covered with tape, leather, &c., the caoutchouc being 
stretched while the covering material was applied. 
The next difficulty was, what to do with tho waste 
cuttings, digestion in a Papin's digester giving but 
a treacly mass of little use. Fresh edges of unma- 
nufactured caoutchouc readily nnite, though old do 
not ; and Mr. Hancock took advantage of this by 
cntting out with a hollow punch pieces of an inch 
equare and packing them in an accurate mould: and by 
submitting these to pressure, ho obtained large blockB 
from which he conld cut sheets with a. knife kept con- 
stantly wet with water. This could only he done, how- 
ever, with the thickest and heet bottle rubber, and he 
conceived it to be necessary in some way to give to the 
rubber as many new surfaces as jHWsible. Speaking 

• 'Personal Nnimlive of the Origin and Progresa of the 
Oaontohnuc or Indiaiabber Slanuructuie in Engltind,' by Tlionuui 
Hancock, of the flrm of Charles MaciDtosh and Co., X^ndtm and 
KaDchester. t«udon, LongmaoB and Oik, I8S7. 
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of hiB difGcultiee at this time, he aays ; " These dis- 
oonragemeats wore for a timo very vezatiouB, as my 
means were but slender. Although I was making wtty, 
I oould perceive that unless some mode could be foi 
to unite not only the waste ctittingn, but also a 
proportion of the material as imported (which v 
uncouth in form, and irregular in surface and size, 
that it could at present be turned to no useful account), 
my object would not be attained. My mind being 
solely directed to this Bubject, I saw the prospect of 
new applicatiens to an enormous extent of a sabstance, 
with the properties of which I was daily becoming 
more and more conversant. I did not give up the 
pUTRuit ; the object I had in view seemed within my 
teach by what I had already done, but the object itself 
I could not yet grasp." 

The result of his experiments was the construction 
of a machine to "tear" the rubber, and cossiated of 
two pieces of wood bolted together, enclosing two 
others, the npper portions of which were grooved out 
in the form of a hollew cylinder. In the centre of 
this was a solid cylinder attached to a spindle, both 
studded with tooth, apace being loft between for a 
small charge of rubber to bo operated upon. This 
machine he called at first a " pickle," but afterwai ' 
a "masticator," a name now very familiar to all, 
about 1832 the existence of this machine remaii 
secret. His ezporimental machine only took a 
of about 2 ounces, but larger ones were made 
worked by horse or ateara power. The rubber 
1 at a small door at the top of the moo] 
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door then securely closed, and tlie machme pnt in 
motion. When the operation liad been, continued long 
enough, it was found that the heat and motion to 
which the caoutchouc had boon anbjected bad ren- 
dered it homogeneous, and that it tamed ont aa a 
rough, corrugated, plastic ball, which could be easily 
pressed into blocks. It wa& aleo found that if the 
rubber was previously passed through rollers, it fafli- 
Utated the operation. This preliminary operation is 
called "devilling" by some, a stream of water effec- 
tually washing out the sand, clay, and other impnri- 
tiea. " This discovery," remarks Mr, Hancock, " was 
unquestionably the origin and commencement of the 
indiarubber niannfacture, properly bo called." To 
heat the rubber before entering the masticator, it was 
at first placed in earthenware pans in an ordinary 
baker's oven, afterwards in metal vessels surrounded 
by lugh-pressure steam, the heat applied being about 
300° Fahr. The rubber so treated was easily soluble 
in good oil of turpentine. A misturo of tar, pitch, or 
asphaltOj with caoutchouc, was patented by Mr, Han- 
cock in 1823, for use, instead of " tarred " felt, under 
the copper of ships. 

In the same year (1823) Mr. Charles Macintosh, of 
Gla^ow, obtained a patent for rondoring two fabrics 
waterproof by uniting them with a solution of rubber, 
called " waterproof double textures," Theso fabrics 
are now universally known as " Macintoshes," The 
history of the circumstances which led to the invention 
of this celebrated article is thus given by his son, Mr, 
George Macintosh : " Upon the introduction o£ qq&L 
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gas into Bribun for the pnrposeB of lighting npartmeiits 
and the etreets of towns imd citica, the inannfactiiretE 
of the article found that tlic t&r and other liquid 
products resulting from the process accniaiilatod upon 
thoir hands, iu the shape of a mast disagreeable and 
inconvenient nuisance. Mr, Macintosh, chiefly with a 
view to the production of aminonia to be oniployod in 
the manufacture of Cndhear, entered, in 1819, into a 
contract with the proprietors of the Glasgow gaswor^ 
to recoiTC for a term of years the tar and ammoniacal 
water produced at their works. After the separation 
of tho tar into pitch, to suit the purpoEes of consumers, 
the essential oil termci! naphtha is produced ; and the 
thought uccnrred to him uf its being posaible to render 
this alao UBeful, from its powers as a solvent of 
caoutchouc, oi indiarubbcr. By exposure to the action 
of the volatile oil termed naphtha, obtained from the 
coal tur, he converted this substance into a waterproof 
Tarnish, the thicknesa aai consistency of which he 
could vary according to the quantity of naphtha whieh 
he employed in the process, Mr. Macintosh ohtaiiied 
a patent fur this process in 1823, and established a 
manufactory of waterproof articles, which was in the 
first instance carried on in Glasgow; but eventually he 
formed a partnership with Messrs. Birley and other 
friends in Mancheator, whore operations on a very 
extensive scale wore entered upon, and the business 
carried on under the finn of Charles Macintosh and Co." 
Mr. Hancock obtained a licence from Mr. Macintosh 
to use his patent fthis was before they entered into 
partnership with each other), and found that by using 
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oqnal qunntities of oil of tnrpentine and naphtha, the 
smull of the articles was mitigated and that his maeti- 
cated rubber required Ices boItchI to prodnce the effect 
of Bolntion. Lator on he manufactured Mr. Macintosh's 
goods for him. 

The mode of macufacturc was to make a sohition of 
caontcboDc in naphtha, to spread the solatioD over each 
fabric Heparatolv, and when the surfaces became some- 
what clammy from the Tolatilization of the solvent, to 
bring the two varnished surfaces face to face ; perfect 
adhesion being effected by passing through rollers, and 
drying the fabric in a temperature of from 100° to 
140° Fahr. 

In 1824 Mr. William Philip Weiso took out a patent 
to render cloth and other materials for wearing apparel 
waterproof by a composition of equal parts of caout- 
ehouc, shellac, gum mastic, gum amino, and gam 
sandarae, dissolved in spirits of turpentine or other 
medimn. In this the skeins intended for weaving were 
saturated, the material in its woven state having a hot 
iron passed over it or passed throngh Lot rollers. 

It had long been thought that if the milk of caout- 
chouc trees could be obtained nncoagulated, a perfect 
waterproofed article could be made. 

This practice of coating articles with fresh juice had 
long been practised in Brazil by Indians, and, as has 
been seen, a patent had already been taken out in this 
country. Articles so prepared were without the dia- 
Bgreeable smell imparted by the solvents neuessary to 
be employed where the coagulated rubber was used. 
Mr. Thomas Hancock aecordingiy took out & ijnteab iii. 
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1824 to use the crude juice, bnt after great exertions it 
was found that Buppliee in Bufficieat quantities could 
not be obtained. However great the care of transport, 
Tcry little was found in the casks in an uncoagulated 
state, and this, added to the coat of freight and other 
causes, sooa led to the conclnsion that the process 
poesossod nothing to recommend it. About this time 
variooa applications were made by Mr, Berry's patent of 
caoutchouc in the production of stoppers for bottles, 
waterproof cordage, play-balls, sabstitutes for loather, 
tubing, hose pipes, strops, harness, t!tc. The artificial 
leather material was made by saturating felt, corded 
cotton, cotton, wool, ancl hair with caoutchouc, and by 
combining it with hemp, fiax, and other fibrous ma- 
terials. It was also applied to boots and shoes, air- 
beds, pillows, life preservers, to cushions for bill 
tables, to the edges of wheels, rollers, & 

The tubing was made of cut sheet rubber, and a 
wards with alternate layers of cloth saturated with t 
Bolation. An improvement in the application of caout- 
chouc to gloves, surgical articles, &a., consisted in 
stretching the article on a frame, coating the part with 
solution, placing two or three hot stretched threads of 
rubber over it, covering it with leather or other material. 
On the article being removed from the &ame, the resi- 
lient action of the caoutchouc contracted it, giving fl 
a neat corrugated or " Bhirred " appearance, 
were also taken out for bearings for carriages, j 
holders, beds, and toasles in yarn manufactures, { 
or caps for the legs of horses, ropes, &c., 
caoutchouc was used. 
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In 1832 Mr, Janiea Vincent Deagrand took out a 
patent for a " Method of weaving elastic fabrics," In 
tbis, oords or strings of caoutchouc were spun in a 
loom, as tile warp or woof with ailk or other fabrics, or 
a^ both : attrition boing effected by using a hot iron or 
rollers to the fabric bo produced. 

The " waterproof double texture " was applied to the 
makiiig of beds for invalids, but the first produced were 
reniarkable for the facility with which people could 
roll off them instead of laying on them. This was 
obviated by making them in tabular or " reeded " com- 
partments : au application extended also to the pro- 
duction of pillows for the head and neck, &c. 

Great difficulties wore encountered at first in manu- 
faoturing waterproof garments on Mr. Maoiiitosh's plan, 
from tbe fact that tailors would persist in puncturing 
the garments with their needles and pins, and in making 
close instead of loose-fitting garments; the first fault, 
allowing rain to enter ; and the second, arresting per- 
spiration, and giving doctors grounds for condemning 
the use of such articles. 

Various improvements were soon made out in the 
preparation, &c., of caoutchouc: one, by Mr. Christopher 
Nickels, for cutting threads of caoutchouc by revolving 
circular knives and discs, the caoutchuuc being pre- 
pared by rolling and milling, and the thieade so treated 
to be used for spinning. 

The invention of the elastic web is ascribed to a 
GerniEin. To effect this, threads of caoutchouc were 
plunged in hot water, or wetted by the fingers, and 
Bbet^ed on frames or rollers. The amouiLl. of IsifciA 
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beat eliminated hj this operation was sufficient to 
scorch the fiogers of an unpractised person. After 
remaning in this condition for a little time and kept 
cold, the caoutchoQO becomes passive, or " set," all its 
elasticity being qniescent. In this condition it is 
woven in a braiding or other machine, and its reeiliemce 
restored by passing a hot iron over it. Applications of 
the snbstance were also made to the backs of boob 
instead of sewing ; as n source of gas, thongh it nas 
soon found to be too expensive : SJid as a timber pre- 
server, as patented by Mr. Betbell. It was also mixed 
with etoue and other materials for roads, and used as 
blankets for the bed in machines for printing on fabrics, 
&C., as well as for life preservers, diving dresses, ur 
pipes, and pontoons. These pontoons made of strong 
canvas, costed with caoutchouc, have mitnj advantages 
over those of other materials. They are very light, easily 
inflated, and when not in use can be carried on horse- 
back, and thus treated as light baggage on a rapid 
inarch. 

In 1843 Mr. Aleiancler Farkes patented "Improve- 
ments in preparing solutions of certain vegetable and 
animal matters," by the use of eupion and bisnlphnret 
of carbon or other sulphurot of carbon. Eupion, which 
is the Orcok for " good fat," is the most volatile 
portion of an oil obtained &om the distillation of the 
tar of bard woods, and is a hydrocarbon which readily 
dissolves caoutcbouc. Bisnlphuret, or as it is now 
termed bisulphide or disnlphide of carbon, is a highly 
inflammable volatile liquid, obtained by pasaing the 
of aulphar over glowing cota or chwowJ, 
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when tuiioii of the two elements takes place. Caoiit- 
choQc wsB one of the Bubstauceg. eubmitted to ft 
mixture of these agents for obtaining a Bolution. Mr. 
Hancock improved Btill further npon it by the appli- 
cation of Eolventa in the state of vapour to rubber. 

In the month of November of the same year, a patent 
was granted to Mr. Walter Hancock for the production 
of a caoutchouc of a changed character by the addition 
of sulphur under the infltienco of heat. 

The history of the diecovcry of this process, called 
by Mr. Broekledon "Tulcanieing/'is highly interesting. 
In 1842 he showed Mr. Haacock pieces of mihbcr 
brought by a person from America, which were said 
not to stiffen by cold, nor to bo much affected by 
Bolvonts, heat, or oils. The smell of sulphur was per- 
ceivable in these samples. Huwcver, nothing seems to 
have come of it. Mr, Hancock was then engaged in 
an endeavour to divest caoutchouc of its adhesiveness, 
eo as only to require a single texture in its application 
to waterproofing, fabrics, &c., a.nd olso to render it un- 
affected by cold. He succeeded in producing articles 
perfectly inadhesive, by the combination of caoutchouc 
with silicate of magnesia, and compounds of this silicate 
with fuller's earth, whiting, ochre, asphalte, &c. With 
the idea of rendering caoutchouc nnaffoctod by cold, 
&c., he toiled away after business hours in his labora- 
tory at Stoke Newington, lighting his own fires, for he 
never allowed anyone to enter his laboratory. Noticing 
a change of appearance for which he could not account 
in some experimental scraps of caoutchouc containing 
anlp hoT) he tried nnmerotra expenm%it^% \a. "Cov^ 

■l 
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direction, saving tLe most likely epecimene, and testing 
by means of iuo tLeir beliavour under the iuflneCDG 
of colli, en an judication of b. change. Kuowing that if 
robber be submitted to the heat necessary to melt bdI- 
phur, viz, 240"^ Fahr., it would not be sufficiently higb 
to injure it, he began by immersing slips in a sulphor 
bath, noticing the action from time to time, aad at last 
obtained a specimen of a black colour and a hard and 
homy character. Here, then, was the key to his 
problem, and it only remained for him to so regulate 
the cenditioDB to bring about the kind or variety of 
tliQ change desirable. He also found that absorption of 
the sulphur by the caoutchouc took place at 240° Fahr., 
and that, by raising the heat to 270^ or 280°, at the 
end of an hour complete vulcanization had taken 
place. He at once saw that by blending the enlpbar 
with caoutchouc by means of rollers and masticators, 
the material conld bo dissolved aad used for natei' 
proofing, or moulded into any form to any degree, 
and capable of being wrought with tools. His patent 
was enrolled on the 2lBt of May, 1844, his ospe- 
rimenta previously being repeated for him by Professor 
Gi'oham and Mr. Arthur Aitkin. He soon found 
he could espodito the production of vulcanized 
chouc by blending the sulphur and rubber by 
rollers, and when in the form required, vulcanizing it 
by the application of steam heat, a process used np to 
the present time. To deprive the rubber so treated of 
any excess of sulphur, he submitted it to a strong 
solution of sulphate of soda or potash at a temperature 
of about 200° F. Not only were provioua applicatiiina 
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found to be improved when mado of vnlcanized caont- 
chouc, IjTit many new purposes were discovered for this 
to which tlie navalcanizable article could not be 
applied. la fact, ae is the caee with all highly useful 
BubstancoB, would-be inventora did not know where to 
place bounds to its application. It was known that 
it would resist shot but not a bullet, the effect of the 
latter being to pass through, leaving but a crack and 
not a regular hole. One person offered to prove to the 
Duke of Cambridge its power of resisting shot by 
wearing a breastplate of it and being shot at, and 
accordingly applied to Mr. Hancock for the caoutchouc 
Becessnry, and it was only by that gentleman's proof 
by firing with a pistol at a board covered with caout- 
chonc, anil showing the bullet hole in the board, that he 
desisted from carrying out his offer of being made a 
human target. 

I will now briefly consider the importance of this 
invention. Many as were the applications of caoutchouc 
in its Datnral or nnaltered forms, it seemed at one 
time as if it were likely to fall into disuse, ut that its 
applications would have to be eiicumscribed from 
certain defects. Its manufacture Lad been carried on 
in two ways: first, by direct mechanical treatment of 
the gum after siniple cleansing; secondly, by the action 
of Bomo volatile solvent, and the application of the 
solution to some material, so tliat a film of caoutchouc 
was left on the surface. But it was found that such 
caoutchouc beoame rigid aud inflexible under the in- 
fluence of ctild, while it softened and decomposed in the 

n and hot weather, this defect alone T0ii4erm.%TOsa^ 



r 



134 ItRITlSII MANUFACTUniSO IKI-U3TRIES. 



(sii" 



monnru'tured goods a total loss, nod c 
the failnro of sovenil American firras. Contact with 
grease or any kind of fatty or eaeential oil quickly dis- 
solved it, and perspiration had the same effect, thongh 
slower in its action. It noe also very adhegiTe and 
sticky, so that any sabstance presKed against its Bur- 
fOoe was quickly joined and cuuld nut be separated. By 
oontinned use or tension it lost its elasticity, and, beside 
tluB, an unpleasant odotir pervaded goodfi produced by 
its Bolutiun. But at the most critical time the method 
of vnlcanization was discovered, which, while preserring 
and even heightening the properties for which it was 
valued, added to it stability and divested it of the 
defeats which were so many barriers to its present 
EUCcesB and future eiteuBious. Oaoutohouc so treated 
was found to have almost perfect elasticity at dl 
temperatures below HSg'^ Faht., and not to become adhe- 
sive below a heat of 212° Fahr., while fresL cut edgea 
did not unite as in the unchanged Bubstanco. Its re- 
sistance to solvents too was very marked, thongh not 
absolutely insoluble, and its capability of being in- 
adhesive and unaltered by cold, beat, water, 
vents, opened at once a now field of industry. 

In Germany the honour of discovering cuiconi 
is ascribed to Hinderadorf, of Berlin, itnd x 
it is claimed for Nelson. Goodyear, who seoms to have 
occupied the same position in America as Messrs. 
Hancock and Macintosh did in England. The history 
of the discovery in America by Mr. Goodyear is thns 
given. In the summer of 1838 ho became acquainted 
with a, Mr. Nathaniel Hayward, who had been em- 
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ployed by the Eagle Compiiny at Wobum, where he 
had. beeu in the habit of using sulphur by iinpreg- 
Baticg the solvoDt with it. Tliia was done to assist 
in the drying of the caoutchouc. Mr. Goodyear pur- 
chased this claim, and took out a patent for its use, 
but not for the purpose of milcanixcUion. The defects 
of goods thus manufactured rendered them a total loss, 
and the only way that ho saw out of the difficulty was 
to use the caoutehouc milk as it came from the trees 
in an unaltered state. The hiut was not lost on his 
Irish servaut, who appeared neit morning with bin 
trouaers coated with the milk. He sat down to his 
work, but through the heat of the stovo and his body 
be speedily became glued to Eiis seat, and the legs of 
his trousers ontci'cd into partnership, so that he had to 
be peeled before being released from his ludicrous 
position I This convinced Mr. Goodyear of the uae- 
lessnesa of his idea. Esperiineuting on the effect of 
heat on caoutchouc, one piece containing Gulphur came 
accidentally in contact with the hot stove, and, be- 
coming charred, gave him the idea that if he could 
stop this process at the right point, he should obtain 
the product which he desii'ed, Kubber so changed he 
called " soft rubber," in contradistinction to " hard 
rubber," to be mentioned hereafter. Mr. Charles 
Goodyear's drst patent for the vulcanization of caout- 
chouc was issued Juno 15, 1B44, and in its reissue of 
December 25, 181'J, he says that when caoutchouc was 
combined with sulphur by the application of a high 
degree of heat, he obtained good results, but still 
better by adding coi'bonate of lead in addition, in the 
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proportion of seven parts of the latter to twenty-five 
rubber and five of snlphnr, by weight, using a tem- 
perature of firom 212^ Fftbr. to 350° Fohr., or tbere- 
abouts. His method was to dissolve the rubber in 
spirits of turpentine, or other essential oils, grinding 
the sulphur and white lead, like paint, and spreading 
the mixture evenly on a smooth snrfAco or upon 
glazed cloth, from whieh it conld easily be separated 
afterwards. The ingredients could also be incorpo- 
rated by passing them through heated cylinders. The 
sulphur could either be incorporated in the solid 
form, spread on the surface, or combined in the 
gaseous state with the caoutchouc by means of 
He states that the boat producing the best results 
about 270°, and the rubber so treated must be gradi 
brought to this heat to prevent blistering. 

On March 25, 1846, a most important patent 
token out in England, by Mr. Alexuider Parkes, 
vulcanizing caoutchouc by a cold process. His pat 
was for improvements in the preparatioi 
vegetable substauces, consisting in the mode of 
taining " the change " npon caoutchouc, &c., by 
employment of a solution of chloride or bypochlt 
of sulphur in biaulphuret or sulphurct of carbon, 
naphtha, or turpentine, &c. ; and on the immersion 
the articles in this solution for a few i 
desired change is eSected. Caoutchouc 
state, if kneaded with a certain amount of dry chloi 
of sulphur, slowly underwent the same changt 
whilst hot could be pressed into any desired sha] 
Caoutchouc, previous to being submitted 
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" changing," could be combined with wool, flas, cotton, 
wood or cork duet, eartbs, oxidee of metuls, and with 
other gums. By this procesa, however, only thin 
dheets ^could be subjected to this method, ae in the 
case of thick sheets, the action on the ontside wonld 
have proceeded too fur before it had penetrated to the 
centre. After the articles were taken out of this bath, 
they were placed in a hot chamber, and then washed 
in water or in a solution of caustic potash or soda. 
The proportions for the bath are given as forty parts 
of Buli)hido of carbon to one of chloride of sulph\ir, 

Numerous applications were made for patents to 
use vulcanized cftoutchouc in the production of various 
waterproof articles by the Parkes method. The rubber 
was monlded or engraved, and then Riibmitted to the 
same process to harden and give perinauonce to the 
surface, or after being so changed by either of tho pro- 
cesses, it was rendered horny, and capable of being 
wronght with tools. Buffers for railway carriages, 
packing for engine joints and valves, were also pa- 
tented, Hs well as for telescope and such-like tubes, 
buttons, knife and razor handles, &d. Eamptulicon 
WAS made by spreading masticated caoutchouc, mixed 
with cork dust or other matters, en both sides of 
woven fabrics, wire gauze or perforated metals, and 
afterwards rolling, and printing or painting ^mttems 
on the surface. Mosaics of the sfime substances 
were produced by colouring with pigments and catting 
in difluront forms, and fastening down the desired 
pattern with caoutchouc solntion. Boots and shoes, 
wholly or in part, had long been made, but gob%tu^% 
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tnmod out by the new process, that is by being vnl- 
cuuzed afterw&rds, were much superior. Combs, backs 
of brnBlica, &c., wure Boon made of it, as it nas found 
Applicable to all the purposes to which bom, whale- 
bone, bone, tortoiBeshell, ivory, &c., had been applied, 
and with this advantage, thut it could be coloured, and 
also moulded or stamped into any form before being 
Bnbmittcd to the vnlcanizing or hardening process. 

In 1851 Nelsuu Goodyear took out in America a 
patent for the tuiuiiifacture of vulcanite, hard or 
flexible rubber, or ebonite, as it is yarionsly colled. 
In it ho says, that when only two Gubstanccs are ui 
be takes half of oaoutebouc to half of sulpbnr, which j 
when subjected to heating, beuumes by Ills process a 
bard, atift' substance. A still better result is gained 
by the introduction of magnesia, lime, or their car- 
bonntos or sulphates, the proportions of these difiering, 
though not less than 4 ounces of sulphur to 1 lb. 
of caoutchouc must bo used. Shellac is also advan- 
tageously employed in addition to these. The mixture 
SO prepared is to be submitted for six to ten hours to a J 
f heat of between 250' to 300° Fahr. In this patent it I 
-will be seen that no mention is made of artioles so 1 
-manufactured having the " gprinii-lihe property ujider 
JleoMre found in whalebone." This new property, how- 
ever, was inserted in a patent reissued in 1868 to 
Mr. H. B. Goodyear, tha administrator of Nelson 
Goodyear, and was opposed by a Mr. Austin G. Day, 
of Connecticut, the Utter claiming fleiiblo caoutchouc 
■M his inventiun. It was denied, too, before the Patent 
Court, by I'lofosBor B. Silliman, that Buch a Iftrge 
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qnnntity of sulphur was necessary, or would produce 
the result aacribod by Goodyear, and considerable 
doubt has been thrown on this part of his patent. The 
use of lubber for dental purposes, and thuB called 
dental vuleanite, is claimed by Charles Goodyear also. 
This substance consists of a mixture of caoutchouc, 
eulphur, and vermiliion, the latter being added to give 
a flesh colour to the product, A mould of the gums is 
takon and the teeth fixed in, and then subjected to the 
hardening effects of vulcaniztLtion. The proportions 
given by Dr. Wildman are 12 parts of caoutchouc, 
6 of sulphur, and 9 of vennillion ; and after being 
moulded into the required form, it was submitted to a 
heat of 310° to 320'= for IJ hour or thereabouts. 

In 1867 and 1868 patents were taken out in 
America by Messrs. Newbrough and fagan for hardon- 
ing caoatchouc by the addition of iodine and bromine. 
Caoutchouc (or any other gnia) is tolled or worked 
into sheets, and placed one ubove another with layers 
of powdered iodine between them, and the pack worked 
between heated loUers under pressure until the iodine 
is thoroughly incorporated. These are cut or moulded 
as required, and then baked for 30 minutes at a tem- 
perature (dry heat preferable) of 230° to 330^ Tahr. 
The proportion of iodine is regulated as the caout- 
chono is reijuired to be inflexible or elastic, using for 
an elastic substance 2 ounces of iodine to 8 ounces of 
caoutchouc ; and for a solid, nearly inelastic substance, 
i ounces of iodine to 8 of eaoutchono. The material 
can be coloured by the addition of pigments, and ren- 
ietred inodorous by immersion in licLUor auunoola. 
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AnotboT of their patents is a combination of iodine 
and bromine with caoatcbouc. This is done by adding 
to iodine lialf its weight of bromine, the difficulty 
manipulntion being obnated by adding to each before 
combustion oil of turpentine, with one-fourth of ita 
weight of sulphuric acid, thua preventing the forma- 
tion of nn explosive compound. Cnoutchonc so treated 
will harden, when submitted for about an hour to a 
heat of 250° Falir, Tlireo ooacos of this paste of 
iodine and bromine is aridcd to a pound of caoutchouc, 
a larger proportion of the latter being used if a more 
elastic enbstance is deeired, with a heat from 200'^ to 
320° Ffilir., lasting ten minutes to one hour and a half. 
Colour can be imparted to it by the addition 
ments before subjection to the process. 

A third patent is the combination of bromine 
caoutchouc ia cut or moulded into the desired state, 
then immersed in bromine for such a length of 
that when exposed to the air it will become bard, 
prevent thia taking place during immersion, one part 
of chloroform ia added to nine parts of bromine, or « 
portion of caoutchouc ia dissolved and coated over 
mould and placed in the solution, the coata 
repeated till a sufficient thickness is obtained. 

The same firm patented the combination of 
and sulphur with caoutchouc. Here the sulphur is 
first boiled in spirits of turpentine, and a solid matter 
settles at the bottom. This is taken out, washed 
with dilute sulphuric acid, and dried. The iodine 
is treated in the same way, aalphuric acid being 
added to the oil of turpentine to prevent explosion. 
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Eqnnl portions of this prepared Biilphur and iodine 
are melted together, and tlie composition on cooling 
ie incorporated witli tlie caoutchouc at the rate of 
3 ounccB to 1 lb. This h thon moulded or formed 
into the desired shape and placed in an oveu, the * 
temperature during the first 15 minutes being raised 
for 5 minutes to 320^ Falir., and then quickly lowered 
for an hour to 250° Fahr. Colouring materials can 
be added before bardeniug, and tho product bo obtained 
is hard, tough, and durable. 

The proprietors of the Nelson Goodyear patents also 
endeavoured to prove that their patents embraced these 
of Newbrough's, by stating that the hardening of the 
caoutchouc was due to the action of tho sulphur alone, 
and that the effect of the iodine and bromine was only 
to carboniae and deteriorate tho coontehone. But from 
the testimony of Profeeaors Torrey, Sillimau, and 
Chandler, and of Mr. Nowbrough, it was shown that 
iodine did hare the effect of hardening, and that the use 
of sulphur in the production of " Dental Hard Rubber " 
was to prevent the iodine acting on the vermillion or 
colouring agent and turning it yellow. Mr. Nowbrough 
says that tho proportions he ueea ia li ounce of iodine, 
IJ ounce of sulphur, and 7^ oimcea of vermillion to 16 
ounces of caoutchouc ; and, moreover, that bis rubber 
could be welded together. Thus it seems clearly to be 
shown, that tho hard rubbers produced by Newbrough 
and Goodyear are distinct and different products. Nu- 
merous applications have beon made of this substance, 
and jnteuts taken out for tho same ; but 1 can only men- 
tion a few. The importance of providing tt^u^^ 'in!^ 
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cleansed from tlic clay, eand, Ao^ with which it is im- 
pregnated. This IB effected by BoakiDg it in a trough 

of hot wat«r, which softens these foreign matters, and 
then passing it through deeply corragated cast-steel 
rollers, which grind it with immense force, whilst a jet 
of water falla on it and washes out the foreign matters 
in a muddy stream. This is repeated till it is thoroughly 
cleansed, and comes out in the form of a band or 
sacking of a yellowish or brownish colour. It is 
next token to the kneading or masticatiqg machine, 
a moBsiTO hollow cylinder of cast iron, with a solid 
toothed cylinder revolving inside, the motion of which 
causes the disengagement of the latent heat of the 
caoutchouc, which emerges like so much dark-coloured 
dough. When several of those lumps are ready, they 
are pressed in a CB£t-iron mould by screw or hydraulic 
power. The caoutchouc is then cut into sheets, if re- 
quired, being fixed in a mould on a movable table, and 
brought up against a razor-like knife, moving with im- 
mense rapidity and having a tiny jet of water playing 
on it. The sheets can be cut as thin as paper, and have 
a beautiful velvety and lined appearance. To cat tope 
for elastic goods, a "bottle,"or round slab of caoutchouc, 
is taken and £sed to a circular shaft, where its cir- 
cumference is exposed to the action of a knife revolving 
at the rate of 3000 times a minute, and kept oonstantly 
wet with water. Tapes are thus obtained of any length 
and thickness, and are cut into threads by being passed 
through guides over a revolving steel disc, a slot deter> 
mining the width of the thi'eads, which are so fine at 
} that 5000 yftrds of such thread weighs but a 
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pound. The ends are joined by cutting them obliquely 
and gently pressiiig, and they are then wound on reels 
by being passed through the wet fingers of boys to 
stretch and eliminato the latent heat. In this state it 
is kept for some Uaya, by which time its elasticity has 
become passive. The threads so treated are taken to 
B braiding machine, and covered with silk or other 
material, and then woven into tissue at a ribbon loom, 
the elasticity being freed by warming it with a Bmoothing 
ii'on on a blanket, when it contracts to its proper pro- 
portions. For the production of waterproof materials, 
the rubber in a Btnto of solution is strained and spread 
by machines evenly over tho enrfaco of cloth or other 
material, the cloth being drawn over a heated surface and 
dried. This waterproofing is applied from the coarsest 
Bail-cloth to the most delicate Jinen and cotton cloths. 
Vnlcanizing is effected by the methods already 
noticed, either by immersing in a sulphur bath, by in- 
corporating by rolling and subjecting to heat, or by 
Mr. Parkes' cold process, by which its plasticity 
enables it to be moulded into any form, even with 
greater facility than wax ; or it is afterwards wrought 
with tools or turned in a lathe. The forms improescd 
on such articles are permanent, and, if Bubjcctod to 
pressure, they will regain their original form as soon as 
the disturbing force be removed. Vulcanite or ebonite 
differs only from ordinary vuliianized rubber, through 
the greater amount of heat to which it has been sub- 
jected rendering it hard, black, and homy. At a higher 
temperature than necessary to bring about this result, 
the rubber would become carbonized and decom^ooed^ 



^B FIBRES Afs-D CORDAGE. ^^^| 

^1 Bv P. L. SmxoNDS, F.R.CJ. 

^H CoUDAQE, tlie collective or general trade term for ftU 
^^■i kinds of corda, ropes, lines, sliips' rigging, Ac, ie chiefly 
^^M mauafactnred from hemp, at roperies in variouB portH 
^^M of the kingdom, bnt especially near the great seaport 
^^H totms of London, Liverpool, Greenock, Hnll, Snndei- 
^H land, Belfast, &o. 

^^P It is not only vegetable fibre that ia, however, 
^^ now utilized, for anim&l aad mineral enbatances u^H 
employed to some considcroblo extent. ^H 
In 185-2, Mr. Braitbwaito Poole, in bis ' StatiBtil|^| 

^K wbichhe had the opportunity of makingamongstall the 

^^M great railway companies, that there were carried over 
^^^ Groat Britain annually the following quantities : ^^ 


^M Cordage 

^M Coir 


50,000 
50,000 
10,600 
6,500 ' 
21,000 1 


„. ■ 


2,000,000 i 

1,500,000 
320,000 
546,000 il 
432,000 ^B 
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twine, and cable 

ly from EuBsJa and 

1 about equal propor- 



mark attbe period when it was made, the pTogrcBs of 
commerce and mamifactureB will have largely in- 
ereaeed many of these figures. 

Whoa it is borne in mind tliat there are registered 
as belonging to the United Kingdom and her possessions 
alone 37,000 Teasels, making in aU about 7,500,000 
toiia of shipping, the cordage necessary for rigging and 
working these hecomes of importance, to say nothing 
of the various other uses for mines, landing and towing 
in canals, harbours, &e. 

We imported in 1874, core 
yam to the value of 552,GCoZ., 
the East (India and Ceylon), 
tions ; and we exported in the Bame year of the like 
material 128,722 cwt., valued at 361,282i. 

There are in the United Kingdom 26 hemp factories, 
of which I'J are in England. Those have 64 combing 
machines, 10,156 spinning spindles and 870 doubling 
spindles, 88 power looms, and 114 power-loom weavers. 
These factories employ 2234 bands, in about equal 
proportions of male and female. 

The London Post Office Directory contains the names 
of 154 professed rope makers, besides eighteen others 
who manufacture wire rope ; many of these, however, 
are more retailers, while others are but the Metropolitan 
depdt or agency of provincinl rope makers, such as 
Kewall and Co., the Warrington Wire-Eope Works, 
Limited, the Edinburgh Eope Company, &c. 

The cordage and twine exported from the United 
Kingdom annually, amount in quantity to an average 
of about 130,000 cwt., but in some years (as io. 
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18r>»-'l-G), tlio Bhipmenta Iibtq readied l£5,000o 
The avttnge uiniial value of the cordage and f 
imporhid in the five years ending 1874 mts i 
KOO.OOOJ., and the value of that British made, ex} 
ii fVum il60,000/. to 400,0002. 

Ill all the largo modem rope manufactories, i 
ohlnary is omiduycd which accomplishes the i 
moro eipoditioualy and systematically than by 1 
Uauhiuo Bpinuing allows of the whole of the fibra 
buiim oitvndod at full length and the Etrengtb of the 
material being obtained, whereas band spinning does 
not admit of the like advantage in uiamifactaring. 

In England, machinery for spinning threads from 
hemp is \orj generally employed at Newcastle, Hull, 
Mid uthor ])ortt<, and the ropoe made by machinery ore 
found to be tJ4 tu 80 per cent, stronger than those spun 
by bitnd, Uroaao or tar is necessary in the manufao- 
tuie of cublua, tu protect the throads from dampn^e. 
Fluid tar iiiakoe the material compact and binding. 
Tu obtain tliu boat quality of rope, it is necessary to 
■oloct tlireads of tlie same thickness, strength, expansion, 
and equal twist. Strands are composed of threada, and 
cables, of Blratids of throe and four or more tbreade. 
There is n difference between strands of which cables 
arc to be made and those intended for rigging or tackle, 
the latter being more twistod. 

The fibres of hemp not averaging more than 3 J feet 
in length, they are necessarily overlapped among them- 
selves and compressed together, so ae not to be drawn 
, ftpart. The reqnired compiession is beet obtained b; 



ftbhes and cordaqe. 151 

twiating, the fibres being continnouBly drawn out 
together from a. bimJle, in the right quantity to produce 
the suitftble size of yarn. Tho ynruB are put together 
to moke strande, and three or funr of these twisted 
together make a rope, and throe or four ropes a 

Hopes are designated as to size hy their circnm- 
ferenoe, and as to length by fathoms. Their weight 
and strength vary with the quality of the liomp. 

A rope cable is always composed of three Btran<ls, 
every strand of three ropes, and every rope of throe 
twists ; the twist is however made of more or less 
threads, according as tho cable is to be tliicker or 
thinner. A rope 3 inches in circumference and 120 
fathoms long, is generally found to weigh nearly 

Hemp Mandfaotohe anh Cordage, — Hemp, now 
one of our principal fibres, has not been very long em- 
ployed in Europe, In the time of Olivier de Serres, 
only a coarse fibre was obtained from it fit to make 
ropes and twine, and history cites as a curiosity two 
chemises made of hemp nliicli belonged to Catherine 
de Medicis. All the linen employed up to tho close of 
the fifteenth century was made of flas or cotton. 

The imports of hemp into the United Kingdom, 
although not so great as those of fiax, average over 
1200 tons weekly. Hemp ie imported in bales of 
&om 2 to 4 cwt., and bundles of variable weight tied 
at one end. A bale of clean Gnasian hemp weighs 56 
to 66 lb. (30 or 33 bales to tlie ton), of out-shot or 
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MOOIhI quftlity 48 to 65 tb., and half clean 40 to 45 lb. 
Buiiflwi the fibre dreesed and nndresaed in 1870, i 
fn^orted 57,(.U'2 cwt. of tow and codiUa of hemp, 
about 11,000,000 lb. of cable yam of hemp, valued al 
171,000i., and 19,748 owt. of cor»kgB, &c., 
the valnc of 43,8142. 

The totigh, durable, and elastic fibres of hemp, ai» ■ 
better suited fur making cordage and cauvas foi si 
ping than any other substance yet known, and tha 
qnantity required to supply the navies and commercial'' 
marines of the world ia Immense. Hemp is not only 
emidoyed for making cordage, common towelling, tar- 
paulins, &c., but canvas and sacking lire largely made..— 
for home consumption 'and also for export, from hem|M 
tow, jute, and other fibrcjj, chiefly for sacks for grujfl 
flour, hops, coal, salt, &c,, and for ships' sails. ■ 

Of aail-cloth and sails upwards of 4,700,000 yard 
are now exported annnaUy, valued at 286,0002. t^jfl 
canvas from Iho Royal Navy and mercantile manofl 
meets with a steady sale for rope-mciking pOFposnH 
B^ging is largely made at Dundee and other placeH 
of jute, old ropes, and other coarse stufis, and sei^| 
to the United States for baling cotton, but this man^| 
facture is now largely carried on by the Amorii-nt^B 
themselvee, and a good deal of what is called " gunnM 
••aggiJiS " i8 shipped direct from Calcutta to the UnitM 
States. ■ 

The value of the bagging and sacks of British maiEjfl 
faoturo exported in 1874 was 1,750,000/., and of saSl 
cloth and sails 286,339f. fl 

The folloning figures will show the range of pii^l 
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per cwt. of undressed hemp, imported from various 
coTintries at the wholesale ofBcial yaluation on entry: 



1 10 
1 16 10 

1 3 10 



In order to show how great has hitherto heeo onr 
dependence on Bitssia for this important fibre, I give 
tbo fuUuning table of the hemp imported from Bu^a 
during the present century in decennial periods. 
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326,062 


32,606 


^■iuu„mu 


?,66 


186 


26,619 


^■llJ21„iK»U 


242 


955 


24,295 


^^■1831 „ 1B40 


288 


1557 


28,866 


^^■'1841 „ 1850 


280 


924 


28,092 


^H.18S1 „ 1860 


261 


990 


26.200 


^^■1861 „ 1870 


48W 


171 


48,817 


^^■1871 187S 

^^■-Orand total and average 1 
^P toTSyearB | 


95 


438 


19,091 


2,250,103 


30,005 



The Eussian war, the consequent scaroity and the 
great increase at the time in the price of Russian 
hemp, led our countrymen to direct their energies to 
the discovery of means which should make us indepen- 
dent in some degree of ho indispensable an article for 
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and etrandB weie aleo impoited in 1870, Taloed at 
465/. 

Plantain Pibhb, — Attention may be pronunently 

directed to tke yarietieB of tho plantain and the agave or 
American aloe, because the fibre from these two plants 
are boEt known in tlie markets of Europe and America, 
and on acconnt of the plants thomselyes being so vride^ 
diBBeminated through oar colonial poBsessions. Tbe 
younger stems of the plantain and tho inner heart leaves' 
of the agave furnish sti'ong filaments of a silky charac- 
ter, which are naturally of a silvery whiteness, and which 
may be dyed of any colour, retaining their lustre and 
brilliancy. Deprived also of their gummy and reainonB 
matter, and split or cai'ded by the ordinary processes, 
they may be esteneively adapted to many of the wants 
now supplied by flax and cotton. They are used at the 
present time for weaving into light fabrics, and also for 
damasks, the finer sort of furniture-hangings and np- 
holstery, &c., generally. 

Que of the most promising materials for ceiiain pur- 
poses is the fibre of the plantain, which hB£ oftEm 
engaged tho attention of the tropical cultivator 
merchant, though until of late years there was no great j 
demand for new textile or cordage BnbstanceB. 
prucesB of disengaging the fibre is so simple, compared 
with the elaborate processes attending tho separation of 
hemp and flas ; and the espense and labour so trifling 
that it is surprising the raw material has not before 
this become an extensive article of commerce. 

When we perceive how large the traffic in coir, 
short prepared husky coreriug of the ODooannt, 
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lieoome, it is an earnest of encoarageineat for those 
who ohooee to embark m new nndertaldDgs for the 
supply of commercial fibres, 

Tlie iiiagiii£c0ut LerbaceouB plantain forms a marked 
feature in tbe varied and profuse vegetation of tropical 
countries, and poseesaes a very widely extended range. 
Tbe broad leaves gracefully overhang tbe euccalent 
huge stem, which attains an elevation of from 8 to 15 
feet, with a diameter of stalk from 1 foot to 3 feet. 
The stem is formed partly from'the united petioles of 
the loaves ; and they contain such a quantity of spiral 
vessels that they are capable of being pulled oat by 
hanilfols. 

The Miita lexlilig, unlike the other two speeiea of 
plantain, which can only bo propagated by suckerB, 
is easily raised from seed. The weight of a plantain 
stem will sometimes be 70 or 80 lb,, of which 60 per 
cent, will be water. It is therefore too eipensivo to 
cart the stems to any considerable distance for prepara- 
tion, and, in our colonies, machinery would require to 
be erected contiguous to the provision grounds, or 
" plantain walks," as they are termed. It is estrcmely 
desirable to know the quantity of fibre that can bo 
obtained per acre, and tbe following cateuiations, which 
are the result of careful esperimenta, aro worthy of 
record. 

Cotton in America is an annual plant, subject to 
many deteriorating influences, particularly from frost or 
excessive rain, and a full average crop is considered to 
be one bale per acre, or about i cwt. Flax, also an 
(VBiiital^ IB regarded as a good crop at 6 cwt. ^i a 
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and bemp at 7 cnt. por Etcre. The plantain will yield 
of the best quality of fibre 18 cwt. per acre, beeideB the 
coarser qualities, consequently its prodnce will be bb 
compared with that of cotton, ttvelvefold ; of flax, eight- 
fold ; and of hemp, eevenfold. Moreover, the produce 
of the plantain from 500 acres would require to obtain 
e quantity in cotton, 6000 acres ; in flax, 4000 
acres ; and in hemp, 350D acres. But flax and hemp, 
being cxhansting crops, cannot be grown upon the same 
land oftenor (at the utmost) than ia a five year rota- 
tion. Therefore, to produce annually for seven years, 
1200 tons of flax, would require the use of nn estate of 
20,000 acres, and for hemp, in the same way, 17,500 
acres. But the plantain, not being an exLauBtingin'op, 
would continue to produce its 1200 tons of 
annum without replanting for s term of twelve 
fifteen years upon 500 acres. In New Zealand 
produces 1792 lb, per acre, the Moorva 
(SoMiimera) 1613 to 322G lb. in two crops. 

The manufacture of cloth and rope from the plantain 
is no new discovery, for the Indians and natives of 
Soath America have long been in the babit of 
the fibre for these purposes. 

The celebrated circumnavigator Dampier notiei 
process as carried on in the Indian Archipelago 
than a century ago, as follows; 

" They take the body of the tree, clean it of iti 
ward bark and leaven, cut it into four quarters, wl 
put into the sun, the moisture exhales ; they then take 
hold of the threads at the ends and draw them out ; 
the; are w big as brown thread; of this they 
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cloth itt Mindanao, called sazgm, wMcli ia stubborn 
when new, wears out eoon, and when wet it is 

Mabila Eeuf.^ — -Manila rope is superior in strength 
to that made from Kussian hemp. Hilly, wooded 
districta, and good soil are considered favourable for 
the cultivation of this plant ; the best hemp coming 
from latituilus south of Manila, and icoza several ielanda 
as &r as the 10th degree. 

The mode of obtaining the fibre is very simple. The 
native strips the succulent stem that has been cut down 
of its outer covering or layer, which is cut into slips 
the whole length of the plant. Molding the slip with 
one hand, and pressing it fimtlj down on a piece of 
board by a strong broad-bladed knife (called a bolo), 
the operator scrapes off the pulpy parts, and leaves the 
fibre, which is the hemp. Machines have been intro- 
duced for this purpose, but do not find favoui with the 
natives. 

The wild plantain grows in vast abundance in some 
of the most northerly of the Spice Islands. In the 
ieland of Mindanao it fiils great forests. 

Another wild plantain, Muta troglodylarum, Linn., 
a native of tho Moluccas, may yield some of the Manila 
hemp of commerce. 

The plant ia cultivated in many parts, but more 
especially in the provinces of Albany and Camarines 
in the south of Lu'^iJi, It is planted in the rainy 
season, aud is propagated with ease in the same manner 
as the common plaotains, 100 plants occupying about 
1000 square yards of land. 
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Tbemetliod of preparing thabcmp is ne follows: 
tree, after having attained the age of between two 
three years, is cut down bjmI strippod of itfi folds^ 
arc divided into pieces of S and 4 iuohes wide, and \ 
poJpy or fleehy part sepftrated by drawing them iin< 
a knife fiiod for tbe purpose, so that the fibre is thi 
laid bare and is then pUcod in the son to dry. ] 
plant be left on the grooad for any length of time 
it baa been cnt down, the hemp made from it 
reddish tinge nnsnited to commerce. Fifty trees pi 
dnce about 25 lb. of hemp. Tbc production in. I 
Philippines, in 1867, did not amoimt to much nu 
than 400,000 picula. 

Like many of the misnomers of commerce, wbiob i 
very difficult to correct, and which lead to sad coafa^i 
the fibre of the wild plantain (Mma textUw) of I 
East is commonly termed Manila hemp (Abaca by t 
Spaniorde), and 1 mn obliged therefore to keep 
the term here. This so-called hemp is the material 
much used for making strong white rope for ships 
The usual mode of preparation is as follows; Whei 
the stalk or stem has attained its full size, which 
indicated by throwing oat its fruit branches, it is c 
close to the ground, and the stem, which will be 
or 10 foct long below the leaves, again divided. 
outer coating of the herbaceous stem is then stripped 
oS nntil tbe fibres or cellular parts are seen, when 
undergoes the process of rotting, and, after being 
dried in houses and sheds, is prepared for market \^ 
assorting it, a task which is pei-formod by women uidi 
childioiu 
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^^Kff!he cliicf supplies of this Manila hemp are derived 
^^fem Lejt^ SamaT, Boliol, and the east coast of Negros 
^^Homaglicte), in its more immediato vicinity; while 
&om the great island of Mindanao it obtains a further 
supply, from the £ne province of Misaaus, and from 
the small island of Camiguin, which produces ahout 
1000 tons of good hemp, nearly all of which goes to 
Zebu, and has of late years mach improved in quality. 
The plantain tree, &om which it is obtained, is pro- 
pagated with great rapidity ; and its quality, although 
frequently requiring selection from the cargoes of the 
coasting crafts, is genei'aliy good. 

A^ itis mostly brought from the neighbouring islands 
foToilo as returns for paddy and native goods, it is 
only shipped to a small catcnt fi-om that island in 
irregular quantities of from 100 to 250 tons per 
fi-nnnni ; but lai'ge quantities could bo obtained from 
Leyti^and Samar at considerably cheaper rates than 
those current at Manila. That which is intended for 
making cloth is soaked for an hour or two In weak lime 
water, again dried, and put up in bundles. 

Some entcrprizing American merchants have of late 
years almost monopolized the manufacture and trade of 
Manila rope, for which there Is a largo demand in the 
United States,, for the use of their extensive mercantile 
marine. By the introduction of machinery the cordage 
has been greatly improved. The plan now adopted in 
manufacture niay be thus described ; 

The first fioor of the factory ia occupied with tlie 
dressing machines, three of which are cylinders of 
wood covered with points of iron, 2 inches in length. 
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ilietont from each other about H inch. Theee first 
open tho fibre, which then paBses to another nmchine, 
under a cylinder of much hkrger diameter, of which the 
points (cards) are smallor and placed together. By 
this the fibroiseeparated into a finer thread, and diveBted 
of the woody or refuBO particles. 

After this preparation the hemp passes between 
cylinders, which compress it Tcry strongly. 
From thence it is oonducled to a smaller machine, 
which gives the first twist, and winds it on a bobbin of 
abont 6 inohea diameter. The dimensions of tho cord 
are increased or diminished by means of an iron screw, 
which adjnsta tlie diameter to the hole through which 
the fibres pass to the required size. 

Tho demand for Manila ropes has been largely in- 
creasing, and as mnch as 30,500 tons per annum are 
often shipped &om Manila to Europe and America. 

Tho culture of this particular spociee of plantain has 
boon largely estended of late years in tho Philippines, 
and also in tho northern part of Celebes. The cultiva- 
tion is angmeuting in the island of Leyti, and the 
quantity raised there in 1870 was estimated at nearly 
160,000 cwL 

The decennial progress of our imports of 1 
hemp direct &om the Fhilippiue Islands is 
til 080 figures : 

1831 2,262 



1863 312.871 
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And the following gives the yearly rocoipte and value 



312,S7I 


421,004 


183,944 


309,253 


194,851 


309,520 


97,873 


222,384 


88,033 


222.328 


175.118 


413,116 


92,642 


245,348 


129,345 


354.498 


2DS,902 


454,509 


151,068 


344,639 


259,225 


547,298 


276,381 


512,431 


320,528 


505.140 



1870 
1871 
1672 
1873 

1874 
1875 

The total qnaatitj of this Lemp csporteil from the 
Philippines in 1870 waa upwards of 610,000 cwt, of 
which 164,000 cwt. were seat to Great Britam, and 
the bulk of the remuinder to the United States. 

AoAVB FiBBB. — Under the name of Mexican grass, 
we import into the United Kingdom about 19,000 cwt. 
of Agave fibre, cut short and cleanly prepared, which is 
nsed as a substitute for briatlea in cheap nail and other 
brushes. It is locally called Itzle, and ia very eiten- 
sively produced in the Isthmus of Tehuantepec, and 
the higher lands of Mexico. One man con prepare 
about 4 or 5 lb. of fibre per day. 

All the species of Agave, and particularly A. inmjmra, 
familiarly termed silk grass, furnish a white but some- 
what harsh or brittle fibre, poBsessing, however, useful 
properties. In the Canary leles ropes are made of the 
afflve fibre. The pita flax is in geat^ivl "aaa 'vn.'^KiiEa 
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uid Hondnros. The numniautare of cordage fiam 

plant oniplojB large numbers of persons in the interior, 
and uontuddrablB quantities are consnined by the mer- 
ohonts in Pcm in cording bales of merchandize, and 
for other such purposes. 

Under the general names of pita, the Brometia learaiai 
is extensively grown in ]Uexico. With proper care in 
cuttiug the leaves in due scnson, the tibro would be 
found not merely equal but much sujieriur to hemp, 
while, &om the natural whiteness of its colour, it 
would admit of being manufactured into the finest 
goods without undergoing the destructive process of 
bleaching. For waritimo purposes, as for sails and 
cordage, it possesses many advantages over RusEtau 
hemp, which was fully cetablished by a series of experi- 
menta made by Oapt. M'Adam in the Hojal Dockyard, 
Plymouth. It was found to contract much less than 
hemp from the action of heat. 

The fibre of Agave Americanus is used for many pur- 
poses, and, as a proof of its great strength, Humboldt 
described a bridge where the distBace of 838 feet was 
spanned by ropes made of tlie fibre of this plant, which 
actually formed the groundwork of the roadways. 
Some experiments made by Dr. Wight, with ropes of 
this fibre in India, showed that it broke with 362 lb., 
while rope made of sunn fibro broke at 404 lb. 

Under the name of Sieal hemp, a largo trade is now 
carried on from Yucatan totho United States in the 
prepared fibre of the leaf of Agave sistlana, which is 
used in rope making, and, when well made, it fetches 
nearly as high a price in the market as Manila hemp. 
Several thousands of tons ate ^m^jortaii. uAq tlie SI 
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annnally. An aero of plnnts will yield moie than a 
ton of fibre at the end of four or five years. This 
plant hoB been introduced into Jamaica and propagated 
in the Botanic gardens there, and 8000 or 10,000 
plants distributed over the inland. The Americans are 
alao growing it at Key West and the adjacent islands, 
In Yucatan they get out this hemp by the simple and 
primitive manner of heating the leaf on a block with a 
club or mallet, and afterwards scraping it on a bench or 
& smooth log or pole, with one end on the ground and 
the other breast high. They employ a narrow piece 
of board with a triangular notch in the end, which is 
brought to an edge, and held nearly perpendicular 
when uficd. Tho leaf is laid on the pole, held with 
one hand, and scraped with the other. In order to 
get rid of the gum more readily, the beaten leaves are 
generally soaked either in water or in mud till they 
ferment ; but from the nature of the gum, even a email 
amount of fermentation staina and weakens the fibres, 
although it materially facilitates the cleaning of them. 
6ach is the difference in the value of these fibres got 
out by the two processes of fermenting the leaves 
before scraping, and that of beating and scraping the 
leaves at once, before fermentation takes place^tbat in 
the London market Sisal hemp is worth but 121. per 
ton when the fibres have been soaked in water or mud ; 
yet the same fibres are worth 501. per ton when got 
oat before fermenting by the aid of pure water alone. 
It would seem that this difi'ercncc in the price of the 
fibre will warrant a good deal of labour and expensive 
machinery to get out the article in the \(ft^\/at A^^H*.- 

'hea the Sbrea or filaments are oViVsimsA ii^Q- wa 
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eatertor leaveB of the plant, tbey ore very Gtrong kA 
coKTSo, and arc best adapted for cables, cordage, tope, 
canvas, gnckitig, tlie worpa of carpets, and indeed for 
every description of this claes of maniifaotnrea, nliere 
strength and durability are required. RopeB and 
cordage mode of it are mnch stronger and more 
durable than those mado frum hemp ; they are also 
lighter and more pliable, do not require tarring, by 
which hempeu ropes lose mueli of thoir strength, and 
bear the alternations of dryneea and moisture with little 
injury, while the differeuce in bygrometrio action is 
(lonsiderable. Cables made from this material are 
acknowledged by the Admiralty Board to be mnoh 
superior to those made bam hemp. 

Tbo weight of pita or agave is one-sixth less than 
hemp ; 30 feet of 1-iuch rope, made of beet hemp bom 
the Royal Dockyard, weighing 12 ounces, and the same 
sized rope of pita, only 10 ounces. 

In a yeesel of 120 guns the weight of standing and 
running riggijig, which in hemp is 54 tons T cwt. 3 qr., 
in pita would be only 46 tons 6 cwt. 19 lb., malt ing a 
sensible reduction in top weight, and increasing thereby 
the stability of the hull, not to mention the saving in 
first cost. 

In a five months' trial carried on many years ago 
in H.M.S. ' Portland,' the hygrometric action of tbe 
pita ceased after the third day, whilst in hemp it con- 
tinued the whole time ; a leg line, 300 feet long, in 
pita, contracting only 19tb f*'^'' whUst a hempen one 
contracted 24VV feet, being 5^ feet in favour of pita. 
I highly advantageous, whore lightness is B 
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dasideratum, as for " Maiiliy's apparatus," to have a, 
lino of the pita, weighing (according to Dr. Murray) 
29 lb. dry, and on being wetted increaeing ia weight 
ii lb, only, with freedom from harebness or Mnlr , 
coiling easier in consequeoce, and drying more 
quickly. 

From comparative trials made at the French dock- 
yard, at Toulon, on ropes made from tbie fibre, and 
&om homp, the following results were obtained, both 
being iiomersed in the eea for six months, and exposed 
to the atmosphere for the same time. 
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The superiority of the pita over hempen ropes is 
andoubted, and I annex an extract from a report 
by B, Belgian engineer who has closely studied the 
question. 

" Bopes mode from the pita," says Mons. Cbevremont, 
" possess a greater average strength by fonr times, than 
those made from, hemp of the same diameter, and 
manufactured by the same process. By the operation 
of tarring, rojtes of hemp lose nearly a quarter of 
their strength^ while ropes made from the pita, from 
their nature, are exempt from this operation (their 
1 gum acting in lieu of tor), and their smouth. 
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nnrface protects them from wcbf by frictioii ; they u» 
cnnployed with the greatest siicce«s, to commimicste 
rotative motion by meanEi of pulleys, and last, for this 
pnrpose, ten timea longer than hempen ropes of the 
same diameter. They have much less rigidity or etiff- 
nees, and it is well known thnt this stifi&iess, in ropoa 
employed for niftohiDery, offers a resiBtanoe " 
roust he overoonie, and tboreforo acts disad^uita 
ounly as a loss of power." 

The specific gravity of ropeB of pita, compared witK" 
ropes of hemp, is as 9 to 15, It is therefore clear that 
a rope of tlie vegetable silk weighs /^ lighter than a 
rope of hemp, of the same diameter and length. 

It will be readily raiderntood how this relative light 
nces of ropee mado from the pita is advantageous n 
employed for collieries and other mining purpoBea,'' 
both with rofereuco to weight, and wear asd tear of 
machinery. 

Aloe Fibre. — In Eiiesia aloe fibre fetches abont id. 
or bd. a pound. One manufacturer turns ont abont 
20,000 lb. monthly, almost all of which is exported 
to France, where it is used for making hate, paper, 
cordage, stair coverings, matting, &q. 

The procces of fabrication is simple and ineipensive ; 
the machinery consists of on engine of 4 borso-power, 
moving a pair of cyliodoi's on a system of beaterB 
or stampers. Close at hand ore the reservoirs mode 
of metal or masonry, which are nsod for washing or 
soaking. The loaf, cut gi'ecn, is passed between the 
cylinders or under the stampers, by which means it is 
orushed without destroying the fibre; it is then left to 
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Boat for six or eight honrs, at the end of which time 
the Beparation of the various elements has taken place. 
Thirty leaves of aloe, two yards long each, yield on 
an average 2 lb. of fibre. It is packed at St. Denis in 
hanks and pressed in sacks, about 1209 lb. going to 
the ton measurement. 

New Zealand Flax is from a plant of a very dif- 
ferent nature from the common flax, the former being an 
endogen, the latter an exogen. The Phormiura tenax, or 
New Zealand flas, is a liliaceous plant, of which there 
are several varieties, that have long been locally used 
for making rope and mats by the natives. It looks 
like the flag or sedge of oiu- marshes, and is almost 
a weed in many parts of the colony. The dif&culty of 
remoTiiig the resinous bark or coating has stood in the 
way of its extensive application, and rewards of 4000/. 
by the Colonial Government for a suitable cleaning 
machine hare as yet failed to realize the object. 

The Fkormiam tenax ahonid take a high position 
among fibrous or filamentous substances. It is well 
known in the market here, and is daily assuming more 

This plant grows indigenous and abnndantly through- 
ont the whole of the New Zealand gronp and Norfolk 
Island, and has been introduced into Tarious parts of 
■ ttte Australian Continent. It flouriBhea best in valleys 
■md low marshy situations, although it also grows on 
x:ky soils, and thrives on the sea shore within 
e influence of the sea epj'ay. It has been introduced 
^«itb snocess in Ireland, the west coast of Scotland, 
I the Channel Islands ; and there is Uttla dcnlci^i. 
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that it miglit be advantageonfily cultivated in thia 
country in suitable localities. Its introduction has 
also been recommended for the Miesissippi Valley 
and otheT parts of North America. 

A great deal of aaeking for wool hales used to 
made of it, and sent to Anstralia ; and owing to 
number of ropewalks in the colony, the import 
cordage into 'Sbw Zealand has now nearly ceased. 

This fibre is looked upon by the colonists as 
good angel of the country, which will yet showet we) 
and abundance on the land. It ie used by the sel 
for anything, from a shoe-string to a saddlo-girth. Tl 
rope made of it ie a eufGciDnt proof of its strength, kdS 
the native mats of its beauty, when manufactured. 

What the flas has become to Australia, the PAormiwn 
tenax might he rendered to New Zealand. 

The shoots should bo tied and packed separately. 
Such as is of a bright silver colour is preferred, 
as it makes a substitute for Manila hemp. If it 
could be sent of a greenish tint, or indeed any ooloiu' 
but foxy, it would be liked for rope making. It baa 
great similarity in appearance to jute, and might some- 
times be mistaken for it ; but jnte on being bleacht 
adheres strongly together, whereas the ph( 
more isolated groups. 

Bombay jute is the fibre which New Zealand flax 
most likely supplement in the sack manufacture. Jnte 
is very m.uch softer than any sample of New Zealand 
flax, though, of course, not so strong. The 
of finenoBs between New Zealand flax and jute will be 
understood from the fact, that enormous quantities of 
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jnio are prepared in Glasgow to supply the London 
market with materials for false hair and chignons, a 
purpose for which flas is hardly delicate enough. 

The cenBua retorne of New Zealand for the year 
1870 show, that there were in the colony IGl mills 
working up the flas, which employed 342 machines, 
having in the aggregate 1430 horee-power. Of these 
about 90 OP 100 were moved by etenm power. There 
were 1706 mnles employed in theue mills and 62 
feniftlea. Every province of the colony devotes itself 
more or less to the prosecution of this industry. The 
quantity of flas manufactured in 1870 was 4458 
tons, but it is only within the last three or four 
years, that any groat quantity has been shipped. The 
quantity exported previous to 1864 scarcely amounted 
in value to IS.OOOi., and from 1865 to 1868 only 
4046 bales of the value of 13,4642. was shipped, but 
in 1869 the quantity exported from the colony was 
12,162 bales, valued at 22i. 6s, per bale ; and in 1870, 
82,820 hales, valued at 2il. 28. per bale. 

Mr. John Pearce, of Christchurch, Canterbury, who 
has bad nearly thirty years' experience as a manofao- 
turor of different sorts of fibre into ropo, gives the 
following scale of difference of weight of the same size 
of yam (160 fathoms long), the first being Bussian 
hemp, the second New Zealand flax. 
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The aboTe list is thai of tine most general n 
Mwd for the taaniifsctnre of cordage from Baltic hen 
U)d mfaiis that any one niunber of these yams t 
Btnnd will make a three-straod ehroud-laid rope, frtmt 
which the number of jktds either for ehiond oi 
hAweer-ltud of any required size or niunber of strands 
ore to be ascertained. It ehowB a difference of one- 
fourth more weight in the European over New Zealand 
of the same size yam, which is the caose of greater 
elasticity in the Utter. 

The testing qualities of Bnseian hemp rope, n 
properly maunfactnred, are 1 cwt. for a 25 spim j 
or 3 tons 15 cwt. for a 3-inch rape, to stretch on*-"" 
twentieth of its length with this preaBore. Tarred 
rope made from Now Zealand flai has lately been sold 
at 26/. a ton in Sydney, and white rope at i2l., whi 
Manila fetches 491. a ton. 

Different exporimeutB were made in 1871 at Wsl 
lingtoii, to Qscertaia the durability and n 
Zealand, as compared with Manila rope. The ta\^ 
were run over puUeya fixed on a horizontal shaft at 
UuBsrs. Eehbol's mil l, and through a block below, to 
which a 56 lb. weight was attached. The eircnmfei^ 
of the pulleys was 15^ inches, grooved out to a diametar^l 
of Si J inohoB. The ropes were wetted with salt i 
piutrod on them till they could absorb no more, and tl 
wetting was repeated every fourth day after the r 
had apparently dried. The Now Zealand ropes ' 
luiu'hiiie-iiinde, from Lloyd's Steam Rope Works i 
Aui'kliuid, and valued at 452. per ton. The Manila w 
jXUdiHod in Wellington, and was the best of the b 
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(1 ■ 43-iiicIi) that conld bo procured. The results showed 
that the Now Zealand white rope, when kept dry, will 
last 60 por cent, longer than tarred rope of the eame 
make,and 34 per cent. longer than the Manila, but chsfeB 
more by 10 per cent., and is more susceptiblo to change 
of weather. When wotted with salt water, the Manila 
lasted better than Now Zoala-nd by 10 per cent., bat 
had 5 per cent, escess of ahrinltago. 

The fibre is chiefly used for rope making, and TOi'ieB 
in price, according to quality, from 36i. 10*. to 20i. per 
ton, and lower qualities, called half-dressed, from 18Z, 
down to 14Z, per ton. In preparing the article for rope 
making, the points to bo kept in view are ; to have 
the fibre of good colour, as thoroughly as possible 
cleaned from straw and from the gum which exista in 
it, and to preserve ifs natural strength. 

Other tsBrni Fibbbs.— Most of our tropical colo- 
nies abound with valuable textile plants, some of 
which are considered troublesome weeds. Those of a 
ligneous nature will aunually prodnce two crops of 
shoots, from which good fibre may be obtained, requir- 
ing no machinery whatever in preparing it for market. 
The most easy and simple plan is to macerate the 
shoots until the cuticle or oater bark disadheres freely 
from the epidermis or true bark, when the latter will 
separate readily from the Ligneous part, and requires 
but little labour or knowledge to wash, dry, and pack 
the fibre fur market. 

For the plantain, pinguin, and all similar herbaceous 
plants, machinery is absolutely necessary to separate 
and dean the fibre advantageouElj^ 
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y[Any of tlio Hibiecns family yield Btiong aod nsefnl 
fibre. In iDdia and in the Southern States of America, 
attempts have been made to ntilize the fibre of the 
common ochro {HAiteua etevletUvs) ; about three tone of 
this hemp can be raised on a single acre. The capsnles 
ue a good vegetable, and the roasted seeds are nsed as a 
ooffee sabstitnte. A piece of twelve strand cord made 
from ochro hemp, tested by the Uoited States' agrat 
agninBt a piece of a similar kind and size made tram 
Eentiichy hemp, broke under a weight of 302 Ibn 
while the dew-rotted hemp rope, of the same size and 
Dumber of strands, broke under a weight of 647 lb. 

From the bark of one or two species of Hibieettt, 
indigeuoas to Australia, the natives manufactnre da- 
rable rope for their nets, &e. H. heterophyllag is one 
of those straight growing shrubs with strong fibrous 
bark, that have obtained! tbo common name of cordage 
trees in Tosniania. H. liliaeew, another species, is the 
plant from the hark of which the inhabitants of Tahiti 
make their cloth, ropes, and matting. Mahoe bark 
(^Bihifcai elatttt or Thespeaia popidnea) fumiBbes i 
very strong but coarso fibre in Demerara, which is ni 
for making coffee bags, &c. 

In India many of the molvaceous plants are e: 
Bively cultivated and highly esteemed for their f 
The bark otHAiscut cannabinug in Coromaudel abounds 
in strong and tolerably soft fibres, which are employed 
as a substitute for hemp, and are made into a coarse 
Back cloth. In the north-west provinces of India, it is 
very generally cultivated for cordage, and for domestio 
Mid aericnltnial pnrpoBes, but its fibre is more remark 
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ftble for fineness than for strength, and would he of 
nee in our manufactories in making mixed fahiics. 

Several speciea of the grasa tribe (Saecharujii) are 
eonploycd for mating ropes on the river Ganges or the 
Indus. For this purpose tliese fibres are well fitted, 
being light, tenacious, and callable of bearing withont 
injury alternate exposure to wet and dry. 

Dr. Forbes Wateon, speaks favouiably of an Indian 
grass collod mounj (^Satieharam munja), abundant in 
Scinde, where it is used for making tow ropes for the 
native boats on the Biver Indas. It supplies a strong 
good fibre, which is beginning to attract attention in 
this country, and is being exported from Eurrachee. 

Of the sedges, a kind of cotton grass (Eriophomm 
cannabinum), which grows abundantly in all the 
ravines of the Himalayas, is platted into tho ropes of 
which the jhoolas or rope bridges over the large rivers 
are almost universally made. 

Gomuti or Ejoo fibre (^Arenga gaccharifera) is con- 
sidered superior in the East to all others yet made use 
of for the manufacture of artificial tresses, imitation 
horse-hair for stuffing, and such like puiposos. 

The stalks of Apocynum cannahinina and liypericifo' 
Hum, afford the North American Indians a substitute 
for hemp, of which they make twine, bags, and fishing 
nets and lines ; and also linen for their own wear. 

The roots of Bulea frimdoaa and saperfta are made 
into strong rope in India. Saguerus Swntphii yields a 
fibrous web very fit for cables and long cordage. From 
the leaves of tho oil palm (^Elais guineeitsii^), and wine 
paJm, the natiyes make excellent liniQ &'a^ x>:(^ ^:&. 
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Wuet Africa; indeed it is from tbie that they ppodnee 
k11 their fisliing lines and nets. In tlie Cape Colon; 
rvioue spouiee of Rixlio, known nnder the commou 
iMine uf r(>|M in«^< tu% <n frequent nEe for cordage. 

TIio fibrt' and rope mode from the wild Bbeea ( ^rtted^fl 
or nettle sprvioK, ore nniong the Btrongcst known, 
it is too dear to come into the m&rketB as a lopa 
BHtkilig material. In testing it in a rope nuinnfacto 
its HtrenKth per eqnare inch was found to be 844, 89^ 
and when made with the fibre 900. 

The avenge strength of rope modo with the 1 
homp was determined after many experimenta ' 
ou between the years 1803 and 1808 to be 805. 

In December, 1853, some experiments were made at 
th« East India Company's military stores, with fihres in 
eqnsl weights and of eqnal lengths, when the fi 
roaults were obtained : 

Brake with 

Puterebo^ clenn hemp 1 60 lb. 

Jiibhnlpore hemp {CntoIaHa teim-fuiia) 

Traviuirore hemp (C. >«nfwi) 175 „ 

Mudar orYercum flbre{Cuto(rnp«if^iintoi) .. 190 „ 

CliiUB graaa \FoehineTii nitea) 350 „ 

RheB fibro (^Urlica <p.) (rom Asssm . . ■ . 320 „ 
Wild Rhea „ „ .... 343 „ 

Nc brpakaE? it 
Hemp from Koti Kangra, Sibh Himnlsyaa , . 400 lb. 

The Moorghtt or Marool {Sansevara zeylanica) fl 
is remarkable for its whitenesa. A line 4 feet loi 
made of this fibre, according to Sosburgh, bore | 
weight of 120 lb., when a cord of the same 6 
of Buesion homp boie only lOG lb. The former, i 
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CFver, after 116 daye' maceration bore a weight of 
30 lb., wben the latter was completely rotten. Some 
ropee maile from it, tried by tlie maeter-attendont at 
Calcatta, broke at 137 lb., wbile Manila boinp took 
188 lb. to break it. It may be considerod about the 
same strength as agave fibre. 

Ijirge quantities nf the fibrous bark of the lime tree 
are used for making cordage and mats in Busaia, which 
contoinB extensive forests of the tree. About fourteea 
millions of mats are made annually, of which one- 
fourth are shipped to England. 

Jute, — The well-known juto of commerce now occu- 
pies a most important position amongst the supplies of 
textile materials furnished to this country, our receipts 
being 200,000 tons. There are two species which 
afford the fibre, viz, Corchorae cajiimlans and C. olito- 
rius. It ia very largely cultivated throughout the 
Bengal Presidency, and is much used for bags, and for 
baling or packing cottons, which each weigh about 2 lb. ; 
and is also shipped in. pieces of about 30 yards, called 
gunnies, which weigh on an average 6 lb. 

A mixture of jute with flax or hemp is easily detected 
by submitting the suspected material for about four 
honrs to the action of steam at a high pressure ; in 
washing, the jute destroyed by this means will easily 
separate &om the fabric, wbile the flax or hemp 
remains unaltered. 

Ab it takes about 6 yards for wrapping every bale of 
cotton, a crop of 3,500,000 bales of American cotton 
requires 91,000,000 yards of bagging. One third of 

B supply is usually imported aa gomv^ ^o'Oii ^^^^ 



178 BRITISH irAXCFACTUEfNG ISDUSTRIES. 

Bengal ; nnd what is nsed for otiior packing pnr- 
poBOB IB chiefly homp bagging. Tlio manner in wUdi 
the jnto trade of Galcntta eontinnes to 
Tery remarkalile. The total exports of jute and joto 
cuttings in 1872 slightly exceeded 2,000,000 bales. 
In 1863 the shipments -were only about 800,000 bales, 
whilst ten years earlier scarcely 20,000 bales were 
exported. Of the 2,000,000 bales shipped in 1872 tba 
United Kingdom took about 1,500,000; the Continent, 
14,000 ; and the tJnitod States, 450,000 bales. But 
oven then these exports do not represent the total 
quantity of jnte produced and brought to market, for 
besides a cousidorable quantity consumed locally, up- 
wards of 106,000 piece& of gunny cloth and 28,000,000 
gunny bags, averaging about 2 lb. each, were ex- 
ported. 

WiEa KoPKs AND CoBDAQK. — Amongst the varions 
branahes of our great iron industry, the manufac- 
ture of wire ropes and cordago ranks aa one of the 
wonders of modem enterprise, and one of growing 
importance. The invention of wire rope is to he 
credited to the late Mr. G. W. Binks, of Poplar, who, in 
the year 1830, was foreman ropemaker in the Woolwieh 
Dockyard, having from apprenticeship served some 
thirty-four years in the Government employ. Our com- 
plications with Russia and a failure of the hemp crops 
operated so seriously upon the price, that the Admiralty 
was paying SOZ. per ton for hemp. This turned the 
attention of the Government to inquiries whether some 
other and cheaper rope might not be substituted for 
I, and under tbeu direction Mr. Binks mode 
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mimemble experiments with various cordage, oven 
spinning rcipca from the fibre of the common nettle. 
Nothing, however, seemed to poesesH the many excellent 
quslities of hemp. 

Thinking over the matter at home, tho idea struck 
Mr. Binks of twisting together fine iron wires to 
form a rope, and he made a specimen — still preserved 
— which he submitted to the Admiralty officials, who, 
however, did not approve of it. Captain Gieorgo Harris, 
of the Koyal Navy, alone thought that there was 
in this specimen the germ of a great and important 
mannfacture, and, taking Mr. Binks by the hand, he 
established a manufactory on a small scale at Grimsby 
in 1835. Space will not permit me to relate the 
repeated instances of opposition which they had to 
contend against with this new mannfacture, even &om 
the Admiralty itself. Just as some encouragement 
appeared, Captain Harris, whose capital and influence 
were the life and soul of tbe new manufacture, died, 
leaving Mr, Binks alone to develop the trade. In this 
position George Binks was glad to enter into partner- 
ship with a practical man, who brought with him new 
machinery specially adapted for the process. He, 
however, patented the various samples of the manufac- 
ture in his own name, which led to a rupture, and - 
thenceforward there were two rival businesses. Step 
by step, gaining groimd, George Binks fought his way 
in popniar favour, and a great demand sprang np, 
yielding fair profits. 

Iron wire ropes were first conceived and used for 
^&e standing rigging of shigB. The tia^ ^MSi^-tv^^<t&. 
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with wire rope as an experiment was the 'Marehall,' 
Great Grimeby. But now the nies of wire ropoB axe 
noraorablc. Amongst the most prominent are- 
etanding and running rigging; Bubmarino telegraph 
cables; BURponaion bridges; guide, incline, and flat 
ropea for mining purposes ; special forms of rope for 
engineering purposes; pneumatio telegraphs; trnotirai 
ro])eB for tramways ; steel plough ropes ; oonlippe ropes 
for transport of sugar canes, &c. ; tent stay ropee 
ropes for hoisting purposes ; tow ropes ; endless diii 
bands ; bullock traces ; telegraph running am 
strand ; fencing strand ; scaffold ropes ; rtdlway 
cords ; clock lines ; clothes lines ; sash lines ; light- 
ning condactors; gilt aud silvered cords for hanging 
pictures; and many other applications might be 
enumerated, whilst for all these parposes they ore 
stronger, lighter, cheapev, and more durable than any 
other article. They are made &om cast, homogeneous, 
and Bessemer steel, &oni charcoal and common hnnds 
of iron, bright or annealed, and from copper and braes ; 
and are produced in a multitude of varied forms, with 
from one to very many strands, with hempen cores or 
without, or with covered wire, and in gBUges of wire 
from those as fine as a hair to those of the thickness of 
one's finger. When we find that there are over thirty 
wire rope manufactories in oxieteace, large and small, 
employing a very large number of hands, the import- 
ance of the trade will at once be recognized. Many con- 
siderable steps in modern progress, such as submarine 
cables, suspension bridges, &c., could not have been 
effected without the aid of this ^rincigle, whilst thon- 
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sande of poands and thoUBands of lives have been saved 
by the adaptability of wire ropce to shipping and 
mining purposes. 

In some expei'imental tests, instituted at the -Cor- 
poTation testing machine at LiTerpool, to ascertain the 
comparative strength of wire and hempen ropes for the 
etanding rigging of ships, the following were the sizes 
and materialB of the samploe subjected to experiment, 
with the results : 



I 



SJ-inch galranized wire ropo 29 15 

SJ „ Manila bemp 5 17 

3} „ Buasian hemp 4 15 

8i „ galvanized wire nipe IG IC 



There were also some eiperimenta made with soft 
and hard wire rope, the whole series being as aatis- 
fiietory to those prescut as thoj must have been to tho 
monufocturerB, who proved, by this best of all methods 
of proof, that their ropes withstand a strain consider- 
ably beyond their trado lists and the Admiralty tests of 



The straining tests show the immense superiority of 
wire rope over that made even of the beet fibrous 
material ; but this ia not the sole or indeed the greatest 
of the advantages which it presents. Wire rope is a 
fourth less in weight and not one-half the bulk of that 
made of hemp of the relative strength and enduring ca- 
pacity. The advantage of this, especially in beating to 
windward, needs no comment. Moreover the cost is 26 
POT cent, in fitvour of wire tope o'ver ^lam^, ^bIio 
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weight and saving. Again, wire rigging is much leBH 
snsceptible than hemp to atmospheric changes, the 
^^ latter continually stretuhing ; and when, in addition to 
^L all tltese advantageB, it is remembered that wire rig- 
^H ging noeda no strippuig or refitting, as hemp rigging 
^1 BiuBt have every four years, wo oaunot but come to the 
^H conclnsion that wire rope Beeme destined eie tnai^^| 
^H years greatly to Gurpass, if it does not Bupersede, heiS^H 
^H rope in fihips' standing rigging. ^H 
^H The following figures show further the great supe- 
^M riority of wire ropes over those of hemp, which they 
^P surpass even ia flexibility : 
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2 9 

4 1 

5 4 
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11 6 
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50 
70 
135 
160 
171 
198 
3DS 
486 
585 
704 


^H The twisting, it is stated, should not be so hard J^H 
^1 in hempen cordage, and all the wires must be ^^^| 
^M tected by an anti-corrosive composition, or by coatin^B 
^H with tin, Bine, &c. It is sometimes the practice to 
^^^k twist wires roimd a core either of wire, hemp cord, 
^^H^^opi jfoa, or other luftteiial, to form a strand, and ^^_ 
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lay such strandB round a similar core, when there are 
more than these strands in a rope. Eopes of twistod 
iron wire were Tised in the silver mines of the Hartz 
Mountains nearly fifty years ago; they were nearly 
equal in strength, to solid iron bars of equal thickness, 
and eqnal to hempen ropes many times their woigbt. 

Mining engineers differ ae to the best form of wind- 
ing ropes for mines, many being adverse to the use of 
flat ropes, especially of stout wire. At tho Brucken- 
bergshaftnearZwickau, Saxony, two flat steel wire ropes 
have been in use for some time past. This shaft is 
437 fathoms in depth, requiring ropes strong but light. 

The house of Felton and Gnillaume, of Cologne, made 
two flat steel wire ropes, nearly 5 inches wide, 1 inch 
thick, and 492 fathoms in length, weighing about 23 Ih. 
per fethom. They were formed from 7 round wire ropes 
placed side by side, united by a wire of 3 strands, 
each of 4 No. 14 wires. Each of the 7 round wire 
ropea was formed of 4 round strands, each composed of 
7 wires surroimding a hempen cord. The breaking 
strain of the cable was 105 tons. After 426 days' use 
the wear was limited to the wire uniting tho 7 ropes, 
which required renewing, and the total cost per ton 
raised did not exceed one penny. These results 
indicate considerable economy from the employment of 
flat ropes in deep shafts. 

Tho value of the British-made iron and steel wire 
shipped has doubled in the last ten years, and is pro- 
gressively increasing. The exports were — 

1870 .. .. 23,447 tons, Tolned at £*39,54G 
. 3G,e32 „ n 1%%,'Jm 
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In Ewldition, telograpbio wire was shipped in 1873 and 
1874 (if the average commercial value of upwards of 

2,000.000/. 

Cotton Oordaob. — However long cotton may have 
been ueod for oordngo in India, it ib only latterly that 
the manufacture has been carriod oa in the United 
States. The Amerioan Cordage Company of New 
York, and some other mannfacturora, make cotton ropo 
for rigging, tow lines, cordage, &c.,flnd in this couitiy 
it la coming into use for fishing nets, linea, &c. 
machine is made to answer all the purposes of a loi 
ropowalk. Cotton ia oajmble of a tighter twist and j 
loss injured by friction than hempen cords. The rope a 
more pliable, and runs more Eroelj throngh the bloc 
tlion hemp ropo ; and the fihrea ore laid together n 
compactly, with greater tension, by this process. 
cotton used is a long staple Macon Georgia. 

EspAsTO CoKDAGB. — Cordage made from esparto S 
largely exported from Spain to France, Italy, Holli 
Portugal, the United Btatoa, and England. The [ 
of Lake Aguilas, near Cartbagena, ships about 2 
tons of different kinds of fabrics mode of it, and those " 
on the coast from Alicanto to Abneria about 5000 
tons. No less than 50,000 persons are employed in 
tho twisting of this fibre in the two last-named districts, 
principally young girls and children ; but it is very 
roughly made. Tho Spanieh marine and mining in- 
dustries employ a great quantity of cordage made witlj,^ 
esparto, which costs ahoat 10^. to 122. the ton. J 

Hma Hope. ^ Tho manufacture of hide rope ifl 
1 namad on to aome t«teiit. and ia made in the followi^B 
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manner : Tlie hide being limed and freed from hair is 
piftced upon a round table, when the workman, with a 
knife made for the purpoee, shaves off the extreme 
portions, guch as the shanks, cheeks, and the like, until 
llie hide is comparatively round. He then commences 
to cut a atrip of the required width, which he continues 
in one length until the whole hide is cut up. A num- 
ber of the strips thus mode are taken and stranded or 
plaited together, according to tlie thickness of the 
required rope. The rope thus far completed is then 
submitted to the action of a solution, which preserves 
the animal substance, and renders it soft and pliable. 
Hide ropes are used for hoisting purposes in warehouses 
and mines, and form a good substitute for a chain. 
Sailors approve of hide for tiUer ropes, because it does 
not make the rattling noise of iron, and if it should 
happen to break, the rupture is not so sudden, and 
therefore time is afforded to meet and provide, to a 
certain extent, for the threatened calamity. It is not 
affected by humidity or estrome dryness, like Manila 
and hempen rope, and its tenacity being tenfold 
greater, it is less cumbersome, and consequently 
lighter. In the colonies it is often used for hallerB 
and traces. 
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OBTLON.—COrFKEFSTATES of CEYLON. Map ahowing tba PofllloB c 
Coffee Estates in tboCeutralProvliioo Dt ftjlon. " ■ -- - 
le^beB by an, SbeeI.oiikiured, 39.; mono ud. In case, u. 

BITBMAH, ftc— A Map showiog Ibe TidnuB Ronlei propMcd f< 
ChliiK witn li^ia and Europe tbniugh Burmah, aod devi^Lopknff 
Eanen Bengal, BormB^, and Cbina. Pretured undrt tbe direcl 
Oiiii.v)r Rai, F.R.U.S. Sailo. 33 tnllea U an indii bIh, i1 li 
Coloured, ai, ; mouqled. In caee. Ss. 

B0RJIAH and ADJACENT COimTBIBS. - Cgr 
viirionBMSS..andoHi«rJ>ccmdaiii. By J. AnBowBjiiTa. Salt, 

OHnTA.— MAP °f CHINA. By J. AaaoWBHiTH. Scale, 90 mila 



Edward Stanford, 55, Chaxiug Crou, LoTuda^ 



BELIOTID LOT. 




A7SI0A (SOOTH-BASTBBN). — MAP of BOUTH-EASTEBH 
AFRICA. OHnplled bT Uenbi Halu g«le, 'iS idU« la ui ipcb i idis "' 

le WEST COAST of AFM 
Sole. £Q mills to u Incb. ' 



a ATX pOLOmr rSASTEBN PEONTIBE).-M AP of 



_-- .rg CHAS': 

FRONTiBR of (he UAI 

a mllu t-i ui Jnch; b1». 40 imbeB b; 3K, SliKls, lai. sd. ; nuranted sn UnDD, 

ITATAI..— A UAP or Ilie COLONY of NATAL. B; Ai^exjdideb Maib, LuuI 
SnrvEyvr, NlUl, CampUcd rrom Uir IMognunB aDd Geaersl rUns id Uh 
SurTcjpr-Oeusnil'i Office end from llata niml>hB] bj' P. 0. SuTHEtuxm, Esq. 
U.D.,F.K.S..SurT(70t-0siieu1. Scale, « miles tang Incta; >!», £1 hiebra br so. 



mouDted, Id 



NITBIA and ABYSSINIA, IpclndtngD.rfur.Kordofln,imdp«rtotAr»bl». 
B.y J. AaRowsBJTH. SMlf 6Smil(aUjiiniDcIii Biig, aBlnchfflWaa. StiiKt, 



Edward Stanford, 65, Cli&ring Ciosa, London. 



G&KEBAIi MAFB. 



BBITI8H COLUMBIA. -1 

bath Parallel Nurlh LallLllde. suuwiuj 
TDOdt recsiL cl]9i:overl^ At Cariboo and 
Uie [plsr-Ocosnic Railwaf. SdaLe, IS 
Pdce, Id sbeel. colonnd. Ti. td.; ormi 

CAlfAD A.— M 4P 



MAP Dt BRITISH COLTIHBIA, to the 

I tiie Sew Uctd Fields at Omioeca. Ihe 

place*, and the pcopoBed roabea for 



a,I1in« 



If UPPER Ml 






UNITKIl STATK 
witta (lanada, N';w Bnisewlck. Ac Scuie SJl miles Ic 

TJNITBD STATES.— STANFORD'S HANDY 1 



. SiK. bu inchea by 31 

BEKUDSAH.— HAP of the BEKUOSAa Pabllstied I7 dlrecUo 
Exallencf Malor-OeaerBlJ. H. Letboi. C.B,,R.An Guvemur and Coi 
iD-CMelortbeBetmudas, Scale, 31 mlla In ao iscb; siie, sa iDch 
llDocted, In case, or on roller, vamlfilied. Us. 

GTJ 



WBST INDIA ISLAITDS and QUATEStALA.— Showliig tbe 






IICA.-. 



or of Roadfl and StirvJTI 



BABBADOES.— Toptsraphldl Map, bunt npnn Majo's Orig^iul Sumr In 
1721, and corrected Io£b year ISte, fI;SlrKoBiRT H. Scbdhbtihsb. K.R.b). 



Edward Stanford, 55, Charing Ciogk, lA<bd£>'^ 



SBLEOTED LIST. 



AUSTaAIiIA.-Froni SnrvoTi owle by or 



WZSTBSN AnaTaALIA.-WHh PlMU of Pprth, Prmwntl*, utt 
Kinl. Krom the Survpya of John Scplimna R«, E«q., SnTveyor-Oenenil, ■ 
vllMrOaiclslD(KDnirnu<nIlieGoloiili>JOIB<«aad Admlr^t;. S3 1. 1 
nriTB. SisIe, ] 6 milu lo an Inch ; fliic (u incha by St- Twsb1i«U,o 



the Piilriiia IdUi CoDDtlffi of Uh 
□n □[ Ulud of Oippfr anil Lrad. 
irvfFQr-Gooersl of Lbe CoIddj. 
[Dcfa { AiE, 33 indieg by M. 



VIOTOBIA.— A NEW MAP of lbe rROVINCE of VICTORIA CAns 
Sinewing nU the Roadii, JUiers, Tuwus. CoudllfB, Gold dggbigB. Stai 
IJutilD ^llnn^ &0. Scale. 30 mlica 10 as lDah( liir, 31 InchEB by 
sliMt, 3i. ed, ; or moonlMl on Upm, In cbbc, 4i, fliJ, 

MBW ZEALAND,— ST ANFORB'S MAP of NEW ZEAIJND; C 



VlNOta otHEI 

an Inch. SVtv, 4U Inches bj 37. In Bbecl, cdIoluv 

TAaKANIA (Van Dlemen's Laitdl.-l 



Edward Stanford, 55, Cliaring Croas, Londt 








SCHOOL UAPH. 13 




Stfeool paps. 


STAHFOBI'S NEW BEBIES 07 SCHOOL MATS 


L s' ' 


. \s .'ii'i'.,'":"™.'"™ '■"."""'""s 



■ Hitndiei 1.e11 [l Lne B k 
1 SlMgoff H.a fai H d h H 

coluurtd la UQled and amLLil o U 


."if 

^ 1, » by 60 


EaBtem Hemisphere Ensrland 
WeBtern Hemisphere Asia 
Buiape Holy IiEmd 
British Isles India 


AfHoa 

Korth America 
South Ajnerica 
Anstralaa a. 






Scotland. 1 Ireland. 1 Australia 
Old TeHtament. | New Testaraent. 
The British Isles. Siis 76 inch™ by bo, p 


1 New Zealand. 
Acta and Epistles. 

ucbes by »Q. pHcs 2»l. 


Tbla Kew Series of Laree School Mops hai been i 


oml.biing ivllh gfosniphlcal 



-. . . „ „ , for 

(eocblug. 

STANFOED'S SMALLES SERIES OP SCHOOL UAPB. 

Published under the dlrecHon of Ihe SOCEETY Fon Phokotino Cim[aTI*K Know- 
td of Ihe NsTiosAL SiKiETr. TUPBe now slBiH ri'Mdi oil the chiracier- 
e aped&lly Bii 




11 BILKtrrXD LIST. 

STANFORD'S TSrSW FHTSICAI. SEBIE8 of WAI-L UAP8, 

fotnae iD Scbnula arul Colicgre. K'Uial b; A, U, lUuBiy.Ll^lr., F.ii.Ss «c^ 
IHnclcr-atnenl ot Uw OsukiKlcal Surve)^ of tbe UnlCed Klngdoiu. 

The Brltlah Isles. Srale. ii) mlleB U, an Uudi; alu, M incbes br si, 
aounud uo rollen. TimWied. 30t. 

Bnvland aod Wales. Hcsl^ b lollci (a in Inchi iIh, M Inchet bj' CI. 

Snrope. Sale, «a nsllei lu in Indi i tlif , ee Inchca by GO, mminlcd on »llai, 
Ttmlihrd, 30jt. 

n»/oDoii*v idv o« it prtpanitim ^— 
Sootlond. Scale, B DiUa lo u inch ; iIh. St Indira bj 13. 
Ireland. Sailf, a mllo to ui tncb ; ilie, 3t lncb« bj la. 
America. North. Sc»le.»l mllMtoiui tii-b; sIh, 60 inches bySB. 
America, South. s™i», BT milts to an incb; ii», EO inches by CB. 

VABTY-S EDXrOATIONAI, SBBIBS of CHEAP WALL 

.nd revised i-d'ltiirai. cuWn^eil. i^niHi^ Wld virnishtil. 
The World In HemiBpheres. Slie, si Incbes by 29. FK» lli. 
The World (M^raWr). Six. BO Incbes by 3i. Wee lOl 
The Srltlsh Isles. Slie.M Inches by ii. Fnis loi. 

Europe. Anstrolla. 

Africa. Scotland. 

America. I IrelAnd. 

New ZeaJand. ' BoiiiBn Emplis. 



JonroByiaga ot 
the Obildren of 

8. Paul's Toyagea 
and Travele. 

VABTT'S LAJtOB OUTLINE MAPS. Price. b> plain shnt, It.; 
The World (glctmlar). 2 feet 3 Incbei by * feet 3 inciiei. Price, In plslo 



Europe. | Ameriaa. I Irelaud. 

Aaia, Eng'land. FalBatine (O. Test.). 

Afrioft. I Snotland. ' PaleHtinB(N. Teat.]. 

STANFORD'S OTJTLINE HAPS. Blie, » incU«i by 14. pHnisd rai 

BTANFOBD'S FBOJECTIOK SEBXBS. UoUbmi In alie. price, te. 
The OXFORD SERIES of OUTLINR KAFS. Size, 1G inches b; 14. 



Hdwaid Stanfoid, Sd, dialing Cross, londoa. 



mSTOBT DUQBAHB, &0. 



Staufeb's §ia0rams of Hatmal '§istara. 



lano at I boot Uius tendcting Ibem avallBble eilber fcr Claea Eiercisa or i 
Tldual flEDdy. 
Tlic price of eacb, moanUiil on ntkr uid Tuidsbed. Is U. ; or [gldBd io a bwA 

OharacterUtio Britlah PosBila. B7 J. W, Loirar, F^.B.S. 
Oharaoteristio Britisli Tertiary FobeUb. By J. w, Lowdt. F.r. 
FobbU CniHtacea. Uy J. W. Balteb, A.LA, F.O.3., ami H. Wooowj 

F.G5., F.Z.S. 
The TeBBtable Kingdom. BjA. Hssfbet. 
The Orders and Families of Kollusoa. By Dr. Woodtjhd. 
Xtyriaitoila, Arachnid a, CrustEu:ea, Annelida, and Entozoa. 

InaaotH. By adib white. 

Fiahea. By P. H, GoesE. 

Septula and Amphibia. By Dm. Sell sod Baied. 

JBirds. By OaoBOE Gair. 



|ririix0's ^mprobciJ ^attc^isms. 



GORTON, C. MACKENZIE, WM. MAUUHAM, F. W. SIMMS, J. T. PRATT. 



E 



Edwaxd Staofbrd, 55, Charing Ciou, Ln^^'^ 



16 SELECTED LIST. 



^txxi^nxt anir ^nimal prints* 

PBECEPTIVB IIiIiXJSTItATIONS OF THE BIBLE. A Series 
of Fifty-two Priiitfl to aid Scriptural Instruction, selected in part by the Author 
of ' Lessons on Ol:^ects.' Tbe whole from Original Designs by S. Bendexek, 
Artist, expressly for this Work. They have been recently re-engraved, and are 
carefully coloured. Size, 17^ inches by 13. 

Price of the Work. 

The Set of 52 Prints, in Paper Wrapper 52s. 

in One Volume, handsomely half>bound . . . . 608. 

in Varty's Oak Frame, with glass, lock and key 60«. 

Single Prints, U. each ; mounted on millboard, U. 4(2. each. 

VABTT'S SELECT SEBIES of DOMESTIC and WILD 

ANIMALS, Drawn from Nature and from tbe Woiks of Eminent Artists. In 
36 careiuliy-ooloured Plates, exhibiting 130 Figiircs. Size, 12 inches by 9. 
The selection of Animals has been limitf d to those which are most known and 

best adapted to elicit Inquiry &om the young, and afford scope for instruction and 

application. 



Set of 36 Prints, Coloured 
Plain.. 





Bound 


In Frame 




in Cloth. 


and Glass. 


18«. 


24<. 


245. 


12s. 


lis. 


18«. 



Single Prints, coloured, 6d. ; mounted on millboard, lOd. 

The ANIMAL KINGDOM at ONE VIEW, clearly exhibiting, on 
four beautifully-coloured Plates containing 184 Illustrations, tbe relative sizes of 
Animtds to Man, and their comparative sizes with each other, as arranged in 
Divisions, Orders, &c, according to the method of Baron Cuvier. 
Exhibited on four imperial Sheets, each 30 inches by 22 : — 

Cloth, 



Complete Set, 

Animals and Land8ca]to,/tt22 coloured 

Animals only coloured 

Single Plates, /u2l coloured . . . . 



Rollers, and 
Varnliihed. 

38;. 
35s. 
lOs. 



On 

Sheets. 

18S. 
15s. 

5s. 



VABTY'S GRAPHIC ILLTTSTRATIONS of ANIMALS, 

showing their Utility to Man, in their Services during Life and Uses after 
Death. Beautifully coloured. Size, 15 inches by 12. Price, the set, 3Is. 6d.; 
in frame, with glass, lock and key, 39s. 6(2. ; or half-bound in leather, and 
lettered, 1 vol. folio, 42s. 

The 21 separate Prints may also he had, price Is. 6d. each. 
Or Mounted on Millboard^ Is. lOd. 



For complete lists of Edwakd Stanford's Publications, see his General 
Catalogue of Mafs and Atlases. List of Books, Educational Catalogue, &c., 
gratis on application, or by post for one penny stamp. 

Edwaxi Stanford, 55, Charing Cross, London. 




ms^^ 



